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Life-History and Habits of the Sunflower Maggot, Strauzia 
longipennis (Wied.) (Diptera: Trypetidae), in Manitoba’ 
By P. H. Westpar anp C. F. Barrett 


Entomology Laboratory, Canada Agriculture Research Station 
Winnipeg, Manitoba 


Introduction 


The sunflower maggot is native to North America. It has been recorded 
from Maine and New Brunswick through Quebec to Alberta and California and 
as far south as New Mexico and Florida. It was collected by Criddle at Aweme, 
near Treesbank, Manitoba, in 1905 and is known to have been present in cul- 
tivated sunflowers in southern Manitoba since 1944. Heavy infestations have 
occurred since 1948. ; 

The maggot tunnels in the pith of the sunflower stalk. Depending on the 
number of maggots, injury may vary from one short tunnel to complete destruc- 
| tion of the pith. Occasionally, in severe infestations, maggots may enter the 
| leaf petioles. 

, Brink (1922), Caesar (1924) and Allen et al. (1953) outlined the life cycle. 
Marcovitch (1916), Cooley (1922) and Browne (1924) presented brief notes 
on certain aspects of the life history. In addition, there are numerous references 
in the literature to the occurrence of the sunflower maggot. Caesar (1924) 
reported that severe maggot injury made sunflowers worthless for silage and 
| weakened the plants so that often they broke over in strong winds. According 
to Browne (1924) the leaves of infested plants died and the heads stopped 
developing. He also stated that various rots and moulds followed the channels 
made by the maggots and by harvest the plants were beginning to decay. 
Brink (1922) reported that approximately ls cent of the seeds in heads from 
infested plants were empty, whereas in heads from non-infested plants 13 per 
cent of the seeds were empty. He concluded that “37 per cent of the seeds 
) fail to develop, directly due to this fly.” 

, This paper deals with investigations on the life-history and behavior of the 
sunflower maggot in Manitoba. 


Life-History and Habits 








Adult 

Description—The adult, originally described by Wiedemann (1830) under 
the name of Trypeta longipennis, is a flamboyant yellow fly with picture wings. 
The female is about 8 mm. long and the male about 7 mm. The female wing is 
about 6 mm. long and the male wing about 7 mm. A row of strong black bristles 
on each side of the vertex is a distinguishing feature in both sexes. The thorax 
has a pattern of a few strong black hairs and is darkest on the dorsal area 
because of an underlying pile of fine black hairs. Similarly, the abdomen appears 
dark because it is covered with a fine black pile. The female abdomen ter- 
minates in a prominent, brown-pigmented ovipositor sheath. The brown mark- 
ings on the wings form a distinctive pattern terminating at the wing tips in a 
design similar to the letter F. Frequently in the males the wing markings are 
darker and coalesce making the distal portion of the wing appear almost black. 

Habits—The flies are very active during the day. Although relatively strong 
fast fliers, they usually flit only a few yards when disturbed and do not leave the 

1Contribution No. 36, Canada Agriculture Research Station, Winnipeg, Manitoba. 
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TABLE I 
Occurrence of Adults of S. longipennis 
in Southern Manitoba 1951 to 1955. 














Population 
Year Earliest Latest Peak 
- et ee ee as See wee ee) Ea 

1951 June 12 July 25 June 22 
1952 June 4 | July 20 June 17 
1953 June 17 July 31 June 30 
1954 June 18 July 25 | June 30 
1955 | June 16 July 18 | June 22 








vicinity of sunflowers. They are attracted to light. The flies often congregate 
on caragana in bloom, probably to feed. In cool or windy weather, particularly 
early in the season, they seek shelter in cracks in the soil. During the hottest 
part of the day they usually remain on shaded portions of the plant. 

When ovipositing, the female crawls about, often on a shaded portion of the 
sunflower plant. Several locations may be tried before the ovipositor is in- 
serted. An egg is not always deposited with each insertion. During oviposition 
the abdomen is arched to bring the ovipositor sheath perpendicular to the stem. 
The ovipositor is worked into the stem by lateral movements of the abdomen. 
Just prior to retraction of the ovipositor the wings are extended in a horizontal 
plane at right angles to the body and quiver, perhaps indicating actual deposition 
of the egg. - The operation takes about 30 seconds and may be repeated several 
times over a period of a few minutes. 

The sunflowers are about a foot high at the time of oviposition and the heavy 
foliage affords protection for the fly. The eggs are laid singly, usually near the 
apical meristem. They are deposited just beneath the epidermis, above the 
puncture, among and parallel to the vascular tissues. They are not deposited in 
the pith. The puncture is minute and barely visible to the unaided eye. Scar 
tissue soon forms and appears as a slightly discolored or bruised area. In severe 
infestations, eggs have been found in leaf petioles. 

Emergence—Field emergence of adults ‘was determined by observation and 
with cages designed to take advantage of the phototaxis of the fly. From 1951 to 
1955 (Table 1), the date of first emergence was near mid June; peak population 
was reached in late June; and the population was reduced to a very low level by 
late July. Adults were present for an average of 40.8 + 2.7 days. In each year 
peak emergence occurred within two weeks of first emergence. Brink (1922) 
similarly reported that at Port Stanley, Ontario, the first fly was found on May 
29 and maximum emergence occurred from June 3 to June 14. 

Among 1,280 adults reared from puparia, in the insectary, in 1953, 66.8 per 
cent of the males and 63.0 per cent of the females emerged during the two-week 
period ending July 5, (Fig. 1). Also, of 310 adults taken in emergence cages in 
rhe field, 70.6 per cent emerged in the first two-week period. This agrees with 
field observations that peax population occurs about two weeks after flies are first 
noted. Observations indicate that the life span of the flies is short in the field, 
probably about two weeks, as in reared specimens. 

Sex ratio—Males begin to emerge before females. Early field collections may 
show a sex ratio of about three males to one female. Later the ratio is near unity 
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Fig. 1. Weekly emergence of S. longipennis adults in insectary, 1953. 


and towards the end of the season females predominate. Among 1,280 reared 
specimens the emergence of males reached a peak one week before that of the 
females (Fig. 1). The ratio of males to females was 51.1 to 48.9. 


Mating—In the insectary, 61 females were caged individually on the day of 
emergence. One male, usually of the same age, was also placed in each cage. 
Brief daily observations were made and the flies in the process of copulation were 
recorded. These observations showed that a female can mate within 24 hours 
after emergence; at least seven times over a period of 17 days; and several times 
before, during and after the oviposition period. The earliest observed mating by 
the male was the day following emergence. The duration of mating may vary 
from a few minutes to several hours. 


Longevity, preoviposition period and oviposition—Flies were reared in the 
insectary from puparia collected in the field in spring. On emergence, adults 
were caged in pairs in two quart sealers capped with 20 mesh screen. Sugar 
solution, in an inverted vial stoppered with a cotton wick, was placed in each 
sealer. Seedling sunflowers, a of all but one or two of the top leaves to 
reduce transpiration, were placed in water in a vial in each sealer. The seedlings 
were removed daily and examined for eggs. The means for longevity and 
reproduction were as follows: 


longevity of 45 ¢ aves _. 14.4 + 0.78* days 
longevity of 48 2 soe 16.2 + 1.25 ia 
preoviposition period of 42 @ 6.7 + 0.43 ss 
oviposition period of 42 ¢ Seeemies eS 
oviposition of 42 @ = nee CO BS Lene 


* Standard error 
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Fig. 2. Oviposition by S. longipennis in insectary, 1953. 


The largest number of eggs laid by a single female in a 24 hour period was 31. 
The data on the preoviposition period agree with field observations which show 
that eggs are not readily found until about one week after females first appear. 
Fig. 2 shows that the number of layi ing females and the number of eggs per Fnske 
reached a peak eight and ten days, respectively, after emergence and that this 
was reflected in peak egg deposition — to ten days after emergence. Follow- 
ing the peaks, the number of laying females dropped sharply and there was a 
gradual decline-in the oviposition rate. Fifty-six per cent of the eggs were laid 
within 12 days of emergence. 
Egg 

Description—The egg is white, smooth, elongate oval, about 1.0 mm. long 
and 0.35 mm. wide. 


Incubation—Eggs of known age were dissected from sunflower seedlings and 
incubated on moist blotting paper in petri dishes. For two groups, in the labora- 
tory, the average incubation period, in days, was as follows: 

24 eggs - ae 8.2 + 0.34* 

165 eggs - 8.1 + 0.13 

* Standard error 
For both groups 75.8 per cent of the eggs hatched on the seventh and Te 
days. For two groups held in rearing cabinets at 70 + 2° F. and 80 + 2 
respectively, the average incubation period, in days, was as follows: 

ee : 10.4 + 0.47* 

28 eggs ; Es Res 8.9 + 0.45 

* Standard error 
Over 1,000 eggs were started in this incubation test but only 24.8 per cent 
hatched. Most of the unhatched eggs showed no embryological development. 
All eggs used were obtained from caged pairs of flies and under these conditions 
many of the females did not produce fertile eggs. 
Larva 

Description—The mature larva, described in detail by Phillips (1946), is of 
the elongate form typical of trypetid larvae that live surrounded by a firm juicy 
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food medium. It is a pale yellow, about 9 mm. long and 2.5 mm. wide. The 
heavily sclerotized mouth hooks appear as a black dot on the ventral aspect of 
the slightly tapered anterior end. The sunflower maggot is readily separated 
from other trypetid larvae by the distinctive structure of the anterior respira- 
tory organs which occur on the first thoracic segment. These organs are large 
with 49 to 60 tubules scattered over a wide, flat, distal surface. There are eight 
abdominal segments, the last, according to ee (1924), includes the eighth, 
ninth and tenth combined. The posterior spiracles are located immediately above 
the middle transverse line. 

Habits—The maggot emerges from the upper end of the egg, which lies 
among the vascular tissues, and by means of its mouth hooks rasps a tunnel into 
the pith. The maggot may tunnel up or down. It may make one or two long 
tunnels but more often it reverses direction and makes several short tunnels. 
When there are several maggots in one plant the pith becomes a labyrinth of 
tunnels and as the maggots mature the oy may be completely consumed. These 
observations agree with those of Coo ey (1922) in Montana but not with the 
observations oF Britton (1933) or Hutson (1934) in Ontario, who stated that the 
maggots feed next to the woody stem leaving a cylindrical core of pith detached. 
The maggots seldom feed in the roots. When fully developed they emerge from 
the stalk and leave a characteristic exit hole. Ten to twenty exit holes, fairly 
uniformly distributed along the stalk, are common and a tunnel through the roots 
is not unusual. These holes, however, are not a measure of the number of — 
gots issuing from a stalk since they have been noted to use common tunnels 
These observations differ from those of Brink (1922) in Ontario, and Marco- 
vitch (1916) in Minnesota, who stated that the larvae travelled down the pith of 
the stem so that late in the summer they were found in the base of the stem or in 
the roots. Generally, as noted by Browne (1924), when there is considerable 
pith damage a secondary infection of mould develops in the tunnels. Britton 
(1931), Caesar (1924), Gibson (1934) and Hutson (1934) reported that the 
feeding of the maggots weakened the stems to such an extent that they broke 
over. This apparently was common with the giant Russian varieties grown for 
silage in Ontario. It seldom occurs in the commercial oil varieties grown in 
Manitoba and has only been noted after strong winds, usually in fields that were 
also infested by rust or some other disease organism. 

Apart from a very minute oviposition scar, there is no outward manifestation 
of the presence of maggots within the stalk. These observation agree with those 
of Gibson (1906) who stated that the plants grew remarkably well and kept 
green and vigorous up to the first frosts despite the fact that the pith was 
severely damaged. However, Browne (1924) reported that as a result of injury 
by the sunflower maggot the lower leaves of many plants turned dark along the 
midrib and veins and later died and withered. He also said that later practically 
all the leaves of the infected plants died and the heads stopped developing. 
These symptoms are not caused by the maggot but, according to Sackston, Canada 
Agriculture Research Station, Winnipeg, (personal communication) are similar 
to those of leaf mottle disease of sunflower, caused by Verticillium alboatrum 
Reinke and Berth. 

Number and duration of instars—Newly emerged larvae of known age were 
introduced singly into punctures made w ith a needle probe, in the tender grow- 
ing portion of a sunflower seedling. To check on the development of the mag- 
gots, the plant tissues were carefully teased apart with a probe and a scalpel, under 
a low-power dissecting microscope. Daily examinations were made except after 
the first introduction of the newly emerged maggot and after each molt, in which 
case two or three days were allowed to elapse before daily examinations were 
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resumed. The size and shape of the mouth hooks were the main criterion used 
to determine whether a molt had taken place but usually the exuviae were found 
in the tunnel. Each maggot was transferred to a new seedling after examination. 
One hundred and thirty-three maggots were started but only eight were reared 
to maturity. The most critical period was the first few hours after emergence 
from the egg. Many newly-emerged maggots failed to become established. 
Handling of the maggots may have contributed to mortality and many were 
destroyed in the process of searching for them in the plant tissue. 

An artificial rearing medium was prepared Scere to Marlow (1934) using 
agar and macerated sunflower stalks or the juice therefrom. Eggs (near hatch- 
ing), newly-emerged maggots, and maggots in the second and third instar were 
placed in and on the media. In each case the maggots showed no sign of feeding 
and died within 24 hours. The eggs placed on the media hatched but the mag- 
gots died shortly after emergence. 

There are three larval instars. The mean duration, in days, of each instar 


for 25, 11 and 8 specimens Weatertes was as follows: 
first instar ibtitils Kahne eee EELS 9.2 + 0.52* 
second instar - gine! avin psy _. 7.8 + 0.88 
third instar ; Peau? eas .. 18.1 + 1.37 


* Standard error 
The total larval period in the insectary ranged from 24 to 57 days and averaged 
35.1. In the field the period of larval development is about six weeks. 
Pupal Stage 

Description—The pupa is enclosed in a 0 yellow puparium composed of 
11 segments. The puparium is about 6 mm. long and 2.25 mm. wide. As in the 
larva the puparium may be distinguished by the large characteristic anterior res- 
piratory organs. 

Habits—The maggots leave the sunflower about mid-August and enter the 
soil where they pupate at about one inch below the soil surface. Puparia are 
found in greatest abundance near the roots of the host plant but are also found 
at some distance. Because maggots have not been observed on the soil it is 
thought that they enter it quickly after they leave the stalk. The winter is 
passed in the pupal stage, and the flies begin to emerge about mid-June. The 
pupal period is nine to ten months. 


Seasonal History 


In Manitoba the insect overwinters in the soil as a pupa. The adult emerges 
about mid-June. The flight and oviposition periods last until late July. The 
eggs hatch in about a week and the larvae enter the pith to feed until about the 
end of August, when they leave the plant and pupate in the soil. There is one 
generation a year. 


Hosts 
In early August composite and other pithy-stemmed plants in fields, on 
road allowances and in waste areas were examined for evidence of the sunflower 
maggot. Specimens were taken only from Helianthus annuus (L.), H. maxi- 
miliani Schrad. and H. tuberosus L. var. subcanescens Gray. These are common 
native plants. H. annuus is restricted in its distribution in Manitoba to the 
extreme southern portion. 


Natural Enemies 


A parasite, Psilus sp. probably atricornis (Ashm.) (Hy menoptera: 
Braconidae) was reared in Manitoba from the sunflower maggot. ‘In 1952, 4.7 
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per cent of 362 puparia were parasitized. In 1953, parasitism of 1,825 specimens 
was 9.9 per cent. In the insectary the parasites emerged from about mid- -August 
to mid- -September. This coincides with the period of maggot exit from the sun- 
flower stalks and is probably the time the host is attacked, since this is the only 
time it is exposed during the immature stages. 


In small field cages adults were destroyed by ants and spiders. Large 
numbers of ants were attracted to the cages by sugar solution provided as food. 
Since the adults are very active it is not likely that they would be destroyed by 
ants when not confined. Empty puparia with a puncture, usually located mid- 
laterally, have been taken from soil in the field and are believed to result from 
predation. 


Severin (1918) stated that the adults succumb to the attack of a fungus 
disease. He noted that it could be transferred to the sunflower maggot by con- 
fining the fly with diseased currant fruit flies. No fungus disease has been noted 
on S. longipennis in Manitoba. 


Summary 


The sunflower maggot, Strauzia longipennis (Wied.), is native to North 
America. It emerges in late June. Although male emergence reached a peak 
before that of females the sex ratio was about 1:1. In the insectary, females 
mated several times before, during and after the oviposition period. The life 
span of the male averaged 14.4 days and that of the female 16.2. The pre- 
oviposition period averaged 6.7 days; the oviposition period 8.3 days; and each 
female laid an average of 29.6 eggs. The largest number laid by one female in 
24 hours was 31 eggs. Peak oviposition occurred eight to ten days after emerg- 
ence. The eggs are laid just beneath the epidermis of the sunflower stalk. They 
hatch about a week later and the maggots enter the pith to feed. There are 
three larval instars. In the laboratory the first instar averaged 9.2 days; the 
second 7.8 and the third 18.1. In the field the period of larval development is 
about six weeks. When there are many maggots in one plant the pith may be 
completely consumed as the maggots mature. An infection of mould may 
develop in the larval tunnels. The plant remains healthy and vigorous in appear- 
ance even when there is complete pith destruction. Oil seed varieties of sun- 
flowers seldom break over except in strong winds, and then usually only if also 
attacked by disease. The larvae leave the sunflower in late August and early 
September, and enter the soil where they pupate about one inch below the 
surface. The winter is passed in this stage. The sunflower maggot was taken 
only from Helianthus annuus L., H. snexineiliant Schrad. and H. tuberosus L. 
var. subcanescens Gray in extreme southern Manitoba. Psilus sp. probably 
atricornis (Ashm.) was the only species of parasite reared from the sunflower 
maggot in Manitoba. Ants and spiders have been noted as predators of caged 
flies. 
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Morphometrics, Parasites, and Predators of Migrant Melanoplus 
bilituratus (Wlk.) (Orthoptera: Acrididae) in 
Saskatchewan in 1940 
By L. C. Pauw? ano L. G. Putnam® 


Parker et al. (1955) reported the spectacular outbreaks and migrations of 
the migratory grasshopper, Melanoplus bilituratus (Wl\k.)* in 1938 and 1939 in 
the north-central states of South Dakota, North Dakota and Montana, U.S.A. 
They recorded the extension of the flights northward into the Canadian provinces 
of Manitoba, Saskatchewan and Alberta, and mentioned that the progeny of the 
migrants invading southern Saskatchewan in 1939 moved further north in 1940. 

As a result of the 1939 invasion, an area of about 75 townships in south- 
western Saskatchewan, extending north from the United States border to the 
Cypress Hills, and eastward from the Alberta boundary for 70 to 100 miles, 
was heavily infested. Most of the grasshoppers concentrated in the eight to 
ten per cent of the area that was sown to crops in 1939, and there deposited 
eggs at an average density of about 100 per square foot. The remaining culti- 
vated land, five to seven per cent, was summerfallowed and thus not generally 
susceptible to infestation. Fields that had been idle or abandoned for several 
years, which constituted about five per cent of the total area, had about 12 eggs 

iContribution No. 39, Canada Department of Agriculture Research Station, Saskatoon, Saskatchewan. 
2Formerly Assistant Entomologist in charge of grasshopper investigations; now Professor, Extension 
Department, University of Saskatchewan. 


’Canada Agriculture Research Station, Saskatoon, Saskatchewan. 
4Reported as M. mexicanus mexicanus ( Sauss. ) 
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Fig. 1. Sketch map of southwestern Saskatchewan, showing outbreak area, in which the 
arable land was heavily infested with eggs by immigrant Melanoplus bilituratus (W\k.) in the 
fall of 1939 and crops devastated in the spring of 1940, and invaded area, into which the adults 
m'grated in the summer of 1940. 


per square foot. Except for a few severely disturbed spots, the native grasslands, 
about 80 per cent of the area, were not infested. 


In the spring of 1940, up to several hundred grasshoppers per square yard, 
several times the numbers normally assumed to be sufficient to destroy crops 
completely, hatched throughout egg-infested cereal grain fields. They quickly 
destroyed crops or other vegetation on the fields where they hatched, and 
moved to and destroyed adjacent crops sown in fields summerfallowed in 1939. 
Within a 600-square-mile area that formed approximately the core of the out- 
break area, the destruction of plants on cultivated lands was nearly complete. 
Even trees and shrubs in many farm shelter belts were entirely defoliated. Farm 
pastures immediately adjoining cropped fields were frequently severely damaged, 
but generally the rather extensive acreage of native grassland, with its heavy 
stand of grass, suffered but slightly. 


An intensive baiting campaign, which got under way somewhat late in the 
spring, failed to save any crops in the most severely affected areas, but, abetted 
by abundant moisture and good conditions for crop growth, did help to prevent 
severe losses in adjacent districts. 
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During the period July 18-21, 1940, the senior author observed heavy flights 
moving northward, with innumerable grasshoppers visible in the halo of the 
sun. After these migrations, areas up to 100 miles north of the outbreak area 
were found to have increased populations of grasshopper adults; exceptionally, 
about 20 grasshoppers per square yard were found in places infested by only 
one or two per square | yard before the flights. 

In contrast, in the centre of the outbreak area, where up to several hundred 
grasshoppers per square yard had hatched, the maximum infestation observed at 
any location was reduced to 15 per square yard, and typically, only about five 
per square yard remained in occasional remnants of crop. It was estimated 
that at least 90 per cent of the grasshoppers that had survived the baiting cam- 
paign had flown away. 

This paper describes some physical characteristics of the grasshoppers 
involved in the outbreak and flights in southwestern Saskatchewan in 1940 and 
records some observations on their associated parasites and predators. 


Methods 


Sweep-net collections of grasshoppers and, incidentally, of the adult stages 
of their associated parasites and egg predators were made in the following areas: 

Outbreak area (Consul-Loomis), denuded of crops and evacuated by grass- 
hoppers, three collections. 

An invaded area (Shaunavon) about 50 miles from the outbreak area, one 
collection. 

An invaded area (Maple Creek) 40 to 50 miles from the outbreak area, two 
collections. 

An invaded area (Fox Valley — Leader) 65 to 100 miles from the outbreak 
area, four collections. (See Fig. 1). 

The lengths of elytra and femora were measured in bulked samples from 
collections taken within each area. 

A representative collection of host grasshoppers was examined in the field 
to determine the incidence of ectoparasites (mites) and of internal parasitic 
larvae. 

Adult Diptera collected with the grasshoppers were identified and those 
species known to be internal parasites of the post-embryonic stages, or predators 
of the egg stage, were recorded. Those from the Fox Valley district were 
recorded separately from those taken in the Leader district. 


Results and Discussion 


The elytron and femur lengths of the grasshoppers that remained in the 
main outbreak area (Consul — Loomis) after the flights are in all cases signifi- 
cantly less than those collected in the invaded areas (Table I). This suggests 
that the process of evacuation of most of the adults from the outbreak area had 
a sorting effect, resulting in the less robust individuals being left behind. The 
grasshoppers from various parts of the invaded area appear to be essentially 
similar morphometrically. 

The elytron-femur (E/F) ratios in the insects from the various areas show 
small differences and no trend. The sorting effect alleged above in respect of 
lengths of appendages does not therefore apply to E/F ratios. 

Parker and his associates (1955) observed nothing in the appearance of the 
grasshoppers involved in the tremendous flights during 1938 and 1939 that 
suggested transition toward a phase resembling the now apparently extinct Rocky 
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TABLE I. 


Elytron and femur lengths, and E/F ratios, in collections of Melanoplus bilituratus (Wlk.) adults 
from southwestern Saskatchewan, 1940 











| 

| | | 

Invaded | | 
| 


No. of | 
| specimens Elytron lengths, mm. Femur lengths, mm. | E/F 
Source | - sae 8 ratio* 
| | 
| ar | OP | Pe 99 | Av. fF | 99 | Av. 
—————— —EE— ee a = = 2 — enema _— — —— 
Outbreak 
area: 
Consul- | 
17.8 eile pone, 10.2 | 1.74 


Loomis 21 23 | 17.94%.44| 17.64.59 


areas: | | | 
Shaunavon 5 8 | 21.44.73| 21.74.39) 21.6 | 11.94.19] 12.34.19) 12.1 | 1.78 





MapleCreek| 11 | 10 | 20.7+.39/ 21.54.38) 21.1 | 11.6+.18| 12.34.23 11.9 | 1.77 
Fox Valley- | 
Leader 24 | 22 | 21.12%.25| 21.64.36) 21.3 | 11.74.13] 12.44.22) 12.0 | 1 78 
| 


| abe 














*Elytron length/femur length, based on means of males and females. The E/F ratios in males 
are fractionally wider than those in females. 


Mountain grasshopper, Melanoplus spretus (Walsh). Faure (1933) presented 
some measurements of museum specimens of M. spretus, of M. bilituratus col- 
lected from various points in Minnesota, and of reared specimens of M. bilitura- 
tus. None of the average measurements of Faure’s M. bilituratus material closely 
approach those of the M. spretus reported by him. Measurements of the biggest 
grasshoppers reported in the present work, and of all other collections known to 
the authors, likewise fall well short of those of M. spretus. 


The question af absolute and proportional similarity of M. spretus is of 
reduced interest, since Gurney and Brooks (1959) established that M. spretus and 
M. bilituratus are distinct species, not phases of the same species. Nevertheless, 
within M. bilituratus there are some interesting differences between material 
collected from the invaded area, that reported in the literature, and other material 
examined by the authors. In Faure’s material, only the “Barnesville” specimens 
in M. bilituratus approach those reported in Table I, but, because his insects from 
this source were apparently absolutely larger, with longer femora, his E/F 
(elytron/femur) ratios are smaller. 


The authors have seen data from collections of M. bilituratus made in 1949 
at Colonsay, in central Saskatchewan, at the height of a later outbreak. These 
collections consisted of rather robust grasshoppers, the wing lengths (males 
19.8 + .12, females 21.0 +.16) having been only slightly shorter than those of 
collections made in the invaded area of southwestern Saskatchewan in 1940. 
Here again, the average length of the femora was greater than that of the 
specimens from the invaded area, leaving the E/F ratio at 1.61, about typical of 
most field-collected and laboratory-reared Western Canadian M. bilituratus 
examined by the authors, and thus substantially less than the unusually high 
figure of 1.78 noted in the collections from the invaded area. M. bilituratus 
reared by Pfadt (1949) on certain foods were at least as robust as those reported 
in Table I, but their E/F ratios were consistently a little lower than those reported 
here. This evidence tends to suggest that the migrant grasshoppers reported 
here were unusually well adapted to lengthy flights. Their E/F ratios do in 
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fact more nearly approach those of M. spretus (e.g. 1.84 reported by Gurney and 
Brooks, 1959) than the ratios of any other collections of M. bilituratus known to 
the authors. 


After the invasion, about 180 specimens from the outbreak area, and an equal 
number from the invaded areas, were examined for internal parasites; about 1.86 
per cent from each source contained larvae of dipterous parasites. 

Adults of the following species of dipterous grasshopper parasites were found 
in the collections from the outbreak and invaded areas: Protodexia hunteri 
(Hough), and Tephromyiella atlanis (Ald.), (Sarcophagidae); Hemithrixion 
oestriforme B. & B., (Tachinidae). Adults of Systoechus vulgaris Loew. 
(Bombyliidae), a common obligate larval predator of grasshopper eggs, were also 
taken in the collections. The abundance of adult parasites and predators in 
various areas, and in relation to host abundance, was as follows: 


Area Consul Maple Creek Fox Valley Leader 
Status outbreak invaded invaded invaded 
Distance from 

outbreak area, miles 0 24 75-85 100 
No. flies collected: 

Parasites 1 l 14 29 

Egg predators 0 0 9 20 
No. adult grasshoppers 

collected 55 35 68 at 
Visually estimated 

ree, sana yd. 10 6 3 2 
Calculated density, 

flies/sq. yd. 0.18 0.17 1.0 2.0 


Although precision cannot be claimed for the figures on fly density, they do 
suggest that the flies were much more abundant in at least part of the invaded area 
than in the partially evacuated outbreak area. The apparently greater density at 
the points furthest removed from the outbreak area is not accounted for, except 
to suggest that the migrants were carried passively, the flies further than their 
hosts. 


The history of the abundance of grasshopper egg-pods in relation to that 


of larval and adult S. vulgaris in the outbreak and invaded areas was as follows: 


Area Consul — Loomis Maple Creek — Leader 
(outbreak area) (invaded area) 

Year 1938 1939 1940 1939 1940 
Status “Normal” Invaded Evacyated “Normal” Invaded 
No. soil sample 

units 81 110 _ 165 -_ 
Egg pods/sq. ft. 0.12 6.00 _ 0.27 ie 
Larval S. vulgaris/ 

sq. ft., autumn 0.01 1.27 — 0.23 ~ 
Adult S. vulgaris 

summer _ — Scarce _ Abundant 


Because of immigrant grasshoppers, numbers of egg-pods increased 50 times from 
1938 to 1939 in the outbreak area. At the same time, larval bombyliid predators 
increased over 100 times. In the fall of 1939, larval egg predators were five and 
one-half times as numerous in the outbreak area as in the area to be invaded in 
1940. Yet in 1940, after the flights northward, adult S. vulgaris were scarce in the 
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outbreak area, now largely evacuated by grasshoppers, and numerous in the in- 
vaded area. The simplest explanation for this is that the adult predators migrated 
with their hosts. Parker et al. (1955, pp. 38-40) described the conditions under 
which M. bilituratus takes flight and achieves high altitudes; the evidence sug- 
gests that the main active role of the grasshoppers in migrations is to become and 
remain airborne, and that height and direction are determined by updrafts and 
winds; it is suggested that adult parasites and predators might" easily become 
avelvedi in the same forces. 

Red grasshopper mites, probably Eutrombidium trigonum (Herm.), are the 
only known external parasites of grasshoppers in Western Canada. Eighty per 
cent of the 153 host grasshoppers examined in the outbreak area had mites; only 
47 per cent of the approximately 246 individuals examined in the invaded areas 
had them. Affected hosts in the invaded area had fewer, smaller mites than 
those that did not leave the outbreak area. This suggests further that grass- 
hoppers that did not migrate may have been too handicapped by their load of 
ectoparasites to do so. , 


Summary 


Comparative measurements of the lengths of elytra and femora of migrant 
and residual grasshoppers from an area in which the infestation had been so severe 
that crops were almost completely destroyed showed that the adult grasshoppers 
that migrated out of this district were more robust than those that remained. 
The elytra in grasshoppers collected from the invaded area were unusually long 
for this species, and the elytron/femur ratio of both the migrant and residual 
grasshoppers was unusually wide, exceeding those of nearly all collections and 
reported data available to the authors. Although average wing lengths were well 
short of those of the historical Melanoplus spretus, the elytron/femur ratios were 
unusually close to that of M. spretus. Migrant- grasshoppers carried a lighter 
load of ectoparasitic red mites than those that remained in the outbreak area. 
The percentages infested by dipterous internal parasites were low and similar in 
the outbreak and invaded areas. Adult dipterous internal parasites and egg 
predators were however much more abundant in the invaded areas than in the 
outbreak area. This, together with other supporting data, strongly suggests that 
these flies migrated with the host grasshoppers. 
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Effect of Maleic Hydrazide and Other Plant Growth Regulators on 
the Pea Aphid, Acyrthosiphon pisum (Harris), Caged on 
Broad Bean, Vicia faba L. 


By A. G. Rosinson 


Department of Entomology, The University of Manitoba, 
Winnipeg, Manitoba 


In a preliminary report (Robinson, 1959) it was shown that the plant growth 
regulator maleic hydrazide (MH) caused both nymphal mortality and reduced 
fecundity to the pea aphid, Acyrthosiphon pisum (Harris), caged on treated 
rye bean, Vicia faba L. It was also stated that 2,4-dichlorophenoxyacetic acid 

2,4-D), 2,4,5-trichlorophenoxyacetic acid (2,4,5-T), and 2-methyl-4-chloro- 
Mela acid (MCPA), applied by root absorption to broad bean had no 
effect on adult or nymphal mortality, or fecundity of adult A. piswm, at the rates 
used. 

There are few reports on the effect of plant growth regulators on the 
arthropod fauna. In field plots the effect of 2,4-D on wireworm damage to 
wheat has been reported by Fox (1948); on survival of grasshopper nymphs by 
Putnam (1949); and on sugarcane borer by Ingram et al. (1947). 

The present laboratory investigation has been continued, with better facilities, 
and varying techniques, with emphasis on the effects of maleic hydrazide on the 
pea aphid. 

Materials and Methods 


Plants of Windsor broad bean were grown in soil to a height of one to three 
inches and then transplanted into vermiculite (Zonolite) in individual 34 inch 
clay pots. In some tests plant growth regulators were added to the vermiculite 
in the pots, and root absorption of the chemical was allowed to continue for 48 
hours. In other tests the lower double leaves of the plant were dipped for five 
seconds in solutions of herbicides to simulate field spraying. With both tech- 
niques, after appropriate time intervals, the pots were set in metal trays containing 
nutrient solutions of Plant Prod 20-20-20. For the duration of the various tests 
the ~ye were kept in a Coldstream Plant Growth Cabinet at a temperature of 
67° + 2°F. and an average relative humidity of 70 per cent, with continuous 
lighting. 

The aphids were descendants from one apterous female isolated in December 
1958. In each test the aphids were approximately the same age. This was ac- 
complished by placing apterous bearing females on plants in screened cages for 
48 hours, and then removing the females. The resulting progeny could be used 
for tests at desired nymphal or adult ages. In tests where fecundity was 
measured, one adult apterous summer vivipara was placed for five days in a clip 
cage, similar to that reported by Noble (1958), and the progeny counted. When 
chemicals were applied by root absorption, the cages were clipped on to one of 
the lower double leaves. When chemicals were applied by leaf-dipping, the 
cages were placed on one of the next higher double leaves. 

The following chemical compounds were applied to broad bean by the leaf- 
dipping technique: amine of MH; amine of 2,4-D; ester of 2,4,5-T; amine of 
pr soluble powder of sodium 2 ,4-dichlorophenoxyethyl sulfate (2,4-DES); 

2-(2,4,5-trichlorophenoxy) ethyl 2,2-dichloropropionate (erbon); 4-chloro-2- 
butynyl N-(3-chloropheny]) carbamate (carbyne); and potassium gibberellate. 
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The remainder of the tests reported in this paper concern the effects on the 
pea aphid of maleic hydrazide applied by root absorption. 
In the analy sis of data on fecundity, because of zero counts, all means weze 


transformed by using \/ x + 0.5 (Goulden, 1945). 


Experiments and Results 


MH was applied by the leaf-dipping technique at rates of 40,000, 30,000, 
24,000, 22,000, 20,000, 16,000, 14,000, 12,000, 10,000, 8,000, 6,000, 4,000, 3,000 and 
2,000 p.p.m. (active ingredient). In all tests there was no obvious adult or 
nymphal mortality, and no significance between fecundity of the aphids caged for 
five days on treated plants, and those caged on plants treated with water only. 
One of the tests showed that there was no difference when the dipped leaves 
were cut off 24 hours after treatment, compared with non-removal, so in all future 
tests the dipped leaves were allowed to remain on the plant for the duration of 
the test. 


In the following leaf-dipping applications there was no obvious adult or 
nymphal mortality, and no significance between fecundity of aphids on treated 
plants and those on untreated; 2,4-D at rates of 1,000, 100, 10, 1, 0.1 and 0.01 
p-p-m.; 2,4,5-T at 0.1, 0.01 and 0.001 p.p.m.; MCPA at 10, 1 and 0.1 p.p.m.; 
2,4-DES at 8,000, 4,000 and 2,000 p-p-m.; erbon at 10,000, 1,000 and 100 p.p.m.; 
carbyne at 8,000, 4,000, 2,000, 1,000, 100 and 10 p.p.m.; and potassium gibberellate 
at 1,000, 100, 10 and 1 p.p.m. (all rates of active ingredient). 

The remainder of the investigations report further on the effects on the pea 
aphid of maleic hydrazide by root absorption. 

During these inv estigations, with the caged aphids at constant temperatures 
and continugus light, certain interesting observations on life history were made. 
The longest life of any one individual female in a cage, including nymphal in- 
stars, was 30 days. Most females began producing young on the eighth day of 
life, although a few produced young on the seventh day. The peak of production 
of young was usually the 13-14 day of life. The greatest number of young born 
to any one female in a 24 hour period was 21, but the average number was 10-15. 
One female produced 123 young during its reproductive period, and several gave 
birth to more than 100. 

A test was designed to determine if the pea aphid would produce more 
young caged on the upper surface of a leaf of broad bean, or on the lower surface. 
One of the lower double leaves had a clip cage placed on its upper surface, and 
the other double leaf had a cage placed on its lower surface. The results are 
shown in Table I. In tests where females were caged for their adult life, because 
the females died on varying dates, the criterion used to measure the average 
number of progeny was the total number of days females were alive in the 
cages. There was no significant differences in fecundity per day between upper 
and lower surfaces. In all tests aphids were confined to lower surfaces of the 
leaves, although the above data show that they can successfully live on upper 
surfaces. 

Another investigation was to determine if results would differ if aphids 
were caged on one of the lower leaves of broad bean, or on the next higher, on 
both treated (MH by root absorption) or untreated plants. Results are shown 
in Table II. Differences in fecundity between lowest and next higher leaves, for 
both treated and untreated, were very close to showing significant differences at 
the five per cent level, but in neither case could significant differences be clearly 
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TABLE I 


Fecundity of the pea aphid caged on upper or lower surfaces of leaves 
of 20 untreated broad bean plants, August 17, 1959 








an ——————— 
Total days | Average 








Leaf surface | No. of adults lived by Total progeny | fecundity | Transformed 
all females per day average* 
Upper 20 138 659 4.8 5.46 


Lower 20 | 169 839 4.9 6.27 
| 





*Mean transformed by using vx + 0.5 


demonstrated. Apparently the choice of leaf position on the plant is not an 
important factor in tests with caged aphids on young broad bean plants. 

Figure 1 shows a comparison between progeny produced by 20 pea aphids 
caged singly on 20 plants treated with MH at 4,000 p- t .m. of active ingredient, 
and progeny produced by 20 aphids on 20 untreated plants. Data recorded are 
average numbers of live progeny of live females per As over the life-time of all 
aphids. The peaks of reproduction are on the 13th day, August 28. 

All tests continued to show nymphal mortality and reduced fecundity of pea 
aphids caged on broad bean treated by root absorption with MH. A further test 
was devised to determine if this phenomenon would continue after females had 
been removed from treated plants and placed for a further five days on untreated 
plants. Table III shows the first portion of this experiment. Surviving adults 
from each of the four treatments were placed for a further five days on un- 
treated plants. Results are shown in Table IV. The data clearly indicate that 
the injurious effect on the reproductive metabolism of the female ‘aphids persists 
after they are removed from treated plants and placed on untreated plants. 

The next test was to ascertain any possible effects on nymphs born and reared 
on treated plants, and transferred after becoming adults to untreated plants. 
These results are shown in Table V. Average fecundity per day is greatly 
reduced in females which have spent their nymphal instars on treated plants, 
despite being transferred to untreated plants on becoming bearing adults. 

To determine possible effects of a direct contact spray with MH at 4,000 
p-p.m. of active ingredient on the adult female aphids, two tests were conducted. 
Sprays were applied with a DeVilbiss No. 33 Pocket Atomizer, soaking the 
aphids almost to the point of drowning in the Petri plates in which they were 


TABLE II 
Fecundity of the pea aphid caged on lowest or next higher leaves of 20 broad bean plants treated 
with MH (3,000 p.p.m. of active ingredient) by root absorption, 
and 20 plants untreated, August 12, 1959 


























. J Total days ’ Average 

Treatment we 2 — lived by Total fecundity a 
position adults oft temaien progeny per day averag' 
MH Lowest 20 178 566 3.2 4.34 
Next higher 20 183 772 4.2 5.42 

——S | _ 
Water only | Lowest 20 201 1053 a 6.66 
Next higher 20 | 245 1465 5.9 8.35 











“Mean transformed by using Vx +0.5 
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Fig. 1. Comparison between average number of progeny produced per day by 20 pea 
aphids caged singly on 20 broad bean plants treated with MH at 4,000 pp.m. (active 
ingredient) and by 20 aphids caged on 20 untreated plants. 


TABLE III 


Adult and nymphal survival, and fecundity, of the pea aphid after five days caged on 
broad beans treated June 25, 1959, with maleic hydrazide 



































Rate of No. of No. of Total Total no. a. Trans- 
application live | dead progeny | Of dead rogeny of | formed Range 
p.p.m. adults | adults ‘ nymphs eee average* 
4,000 16 | 4 421 346 4.7 1.74% | 0-36 
3,000 19 1 498 312 9.8 2.27" 0-43 
2,000 18 2 508 438 rs, 1.44** 0-27 
Water only 14 6 627 109 33.1 5.74 16-47 
| 
*Mean transformed by using Vx + 0.5 
**Significant at the 1% level 
TABLE IV 


Adult and nymphal survival, and fecundity, of pea aphids from plants 
treated with maleic hydrazide, caged for a further five days on untreated broad beans 





Source 
plants 


ae p.m. 
Water only 





























No. of No. of Total Total no. ——- Trans- 
live dead progeny of dead | "°° oa formed Range 
adults adults nymphs Sade average* 
ive adults 
11 5 0 0 0 St as 0-0 
12 7 59 5 4.5 1.4." 0-36 
8 10 42 11 3.9 1.46** 0-28 
7 6 272 46 32.8 5.63 22-41 








*Mean transformed by using Vx + 0.5 
**Significant at the 1% level. 
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TABLE V 
Fecundity of pea aphids born and reared on broad bean plants treated with maleic hydrazide at 
4,000 p.p.m. of active ingredient, and from untreated plants; transferred to untreated plants on 
becoming adults. 





Average 





. ae ; Total days | -+-.. oT . 
Source Ss lived by | Total progeny | fecundity | pn I 
. all females per day ge 
— ——$ — | —___ -j|— | —| 
From plants | 
treated 
with MH 11 143 326 , 1.2" 
From plants 
treated with 


water only 29 357 2,025 $.7 8.19 





*Mean transformed by using vx +0.5 
**Significant at the 1% level. 


held. Check aphids were sprayed with tap water. Results are shown in Table 
VI. No toxicity to adult aphids was demonstrated. In both tests there was no 
significance between number of progeny from aphids sprayed with MH at 4,000 
p-p-m. and those sprayed with water only. 


At the present stage of these investigations one can only conjecture possible 
reasons for the results obtained, and why the aphid reproductive metabolism is 
influenced when maleic hydrazide is introduced into the plant through the roots, 
but not through the leaves. It is probable that excess amounts of MH are 
absorbed in 48 hours through the roots, and it is these high concentrations of MH 
in the plant sap which are causing a direct harmful effect on the aphids, rather 
than plant changes. Visual comparisons of chromatograms from extracts of 
broad bean treated with MH at 4,000 p.p.m., and untreated plants, failed to show 
qualitative differences in amino acids. Crafts et al (1958) state that MH is effec- 
tive as a growth inhibitor of plants when absorbed through both leaves and roots. 
The present study showed that broad bean growth is inhibited by leaf dipping, 
although much higher concentrations are required than for root absorption. 


TABLE VI, 
Fecundity of pea aphid sprayed with maleic hydrazide at 4,000 p.p.m. of active ingredient and 
caged for five subsequent days on untreated broad beans 














y | | 
Date and | No.of | No.of | Total Total no. | —_ Trans- 
Treatment live | dead | progeny of dead steiemmeal formed Range 
| adults adults nymphs per hw average* 
ae NGL RS SLMS, aS 
July 10, 
1959.MH | 
4,000 p.p.m. | 16 | 4 448 75 | 20.7 4.29 1-39 
Water only 20 0 553 9 [ aes 5.09 0-45 
— ———_} —— SS Sane | 
July 22, | 
1959. MH 
4,000 p.p.m. 19 1 490 25 | 24.8 4.93 3-37 
| | | 
Water only 18 2 535 42 | 26.5 5.14 6-41 
| 

















*Mean transformedusing vx +0 5 
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Results in al] the tests with herbicides applied by leaf- -dipping indicated that 
there would be no harmful or beneficial effects on the pea aphid in fields sprayed 
with the same herbicides. 


Summary 


The effects of various plant growth regulators on the mortality and fecundity 
of pea aphid caged on treated broad bean are discussed, and a few notes on the 
life history of the pea aphid in cages on broad bean leaves are given. 

When MH, 2,4-D, 2,4,5-T, MCPA, 2,4-DES, erbon, carbyne, and potassium 
gibberellate were applied by a leaf- -dipping technique to broad bean there was no 
appreciable adult or nymphal mortality, or reduced fecundity, to pea aphids 
caged for five days on treated plants. However, in all tests where MH was 
applied by root absorption for 48 hours at rates of 4,000, 3,000 and 2,000 p-p-m. 
of active ingredient, there was nymphal mortality and significant reductions in 
fecundity to pea aphids caged on ‘the treated broad beans. 

On untreated plants average fecundity of adult pea aphids was the same 
whether they were caged on the upper or lower surface of a broad bean leaf. 

The lower double leaves of broad bean were as favorable as the next highest 
leaves for adult survival and fecundity of caged pea aphids, on both plants treated 
with MH, and on untreated plants. 

When adult pea aphids were caged for five days on plants treated with MH, 
and then transferred for five days to untreated plants, they continued to show a 
reduced fecundity. When nymphs born and reared on plants treated with 
MH were transferred for their adult life to untreated broad beans, they also 
showed a reduced fecundity. 

When adult pea aphids were sprayed directly with MH at 4,000 p.p.m. and 
then caged for five days on untreated broad bean plants, there was no adult 
mortality and no reduction in fecundity. 
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Ecological Life-History of the Larch Sawfly, Pristiphora erichsonii 
(Htg.) (Hymenoptera: Tenthredinidae), in Manitoba 
and Saskatchewan’ 
By W. J. Turnock* 


The larch sawfly is a common defoliator of trees of the genus Larix through- 
out the Holarctic Region. In North America it has been reported from every 
province of Canada but in the United States it is confined to the northeastern 
States, the Lake States, and north-western Montana (Drooz, 1956). The 
northern limits of distribution have not been determined, but extend as far as 
61° N. lat. north of Saskatchewan. 

The North American hosts of the larch sawfly are tamarack, Larix laricina 
(Du Roi) K. Koch, and western larch, L. occidentalis Nutt. In addition, several 
species of introduced Larix of Eurasian origin are attacked (Drooz, 1956). 
Tamarack is the most widely distributed host (Roe, 1957) and concern over 
injury to it has led to extensive research programs in Canada and the United 
States. Butcher (1952) brought together the views of foresters and entomologists 
on the economic future of tamarack in Minnesota and Lejeune (1947, 1951) 
reviewed the larch sawfly problem in Canada. 

The larch sawfly was originally described by Hartig (1837) from a specimen 
collected in the Harz Mountains, Germany, and placed in the genus Nematus. 
Subsequent revisions have changed the generic designation to Lygaeonematus, 
Holcocneme, and Pristiphora. Coppel and Leius (1955) reviewed the taxonomic 
history and early records of this species in North America. Authentic records 

o back to 1880, and controversy has arisen over inconclusive evidence sug- 
gesting either (1) the sawfly is native to North America or (2) it was introduced 
during the 19th century. 

The literature on the larch sawfly contains statements which are untrue 
or inappropriate in western Canada. This paper summarizes the information 
that has been gathered by the research team at the Winnipeg Laboratory as well 
as pertinent information from other sources. The Winnipeg studies are still in 
progress and are being directed toward the preparation of life tables. 


DESCRIPTION OF STAGES 


The female adult is about 10 mm. in leAgth by 3 mm. in width and weighs 
from 25 to 50 mg. (Heron, 1955). Black is the dominant colour of the body 
with a bright orange band around the abdomen and orange markings on the legs. 
The male is smaller, more slender and weighs from 15 to 35 mg. The male is 
similar in colour to the female but has additional orange markings on the antennae 
and frontal area of the head. Anatomical studies of the adult, larvae, intersexes 
and gyandromorphs have been made by Wong (1956, 1958). 

Larch sawfly eggs are small and hidden by host tissue when first laid but 
rapidly swell to a cylindrically oval shape about one mm. long with a moist and 
glistening surface. The eye-spot of the developing embryo may be seen through 
the translucent chorion. 

During the larval stage four moults occur. The width of the head capsule 
for each of the five instars in larvae from northern Minnesota (Drooz, 1955), 
and for fifth instar larvae from Manitoba and Saskatchewan (Muldrew, 1959) 
was: 

1Contribution No. 593, Forest Biology Division, Research Branch, Department of Agriculture, Ottawa. 


Canada. 
2Forest Biology Laboratory, Winnipeg, Manitoba. 
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Head capsule width (mm.) 


Instar No. larvae Mean Maximum Minimum 

1 20 0.57 0.59 0.53 
2 20 0.80 0.84 0.74 
3 20 1.16 1.20 1.12 
+ 20 1.62 1.68 1.58 
5 20 2.12 2.18 2.05 
$¢° 1411 2.01 2.18 1.80 

a” 32 1.72 2.00 1.58 


*Muldrew (1959) 


Immediately after hatching and following each moult the larvae are a trans- 
lucent pale green with black eye spots. As the integument hardens the head 
capsule turns black and the body becomes less translucent. In the first instar 
the body colour is uniformly pale green but later instars are greyish-green above 
and a paler green below. 

During the fifth instar four phases can be distinguished on the basis of 
morphology and activity. These are: 

1. Feeding Phase — fifth instar larvae from the fourth ecdysis to the end of 
feeding. The body is greyish-green above and paler green below. 

2. Cocooning Phase — from the end of the feeding phase until the cocoon is 
completed. The larvae evacuate their gut and their colour becomes lighter than 
during the feeding phase. 

3. Eonymph Phase — from the completion of the cccoon to the beginning of the 
prepupal stage. The larvae in the cocoons are curled; the larval eyes are black 
and glistening and the fat bodies are composed of single convoluted sheets of 
large cells held together by connective strands. 

4. Pronymph Phase — when post- diapause development begins the larval body 
shortens, the larval eyes become milky in colour and the connective strands of the 
fat body degenerate. Internally, rudimentary pupal structures appear. The 
moult from pronymph to pupae ‘ends the fifth instar. 

The latter two phases are considered part of the prepupal stage and have been 
described in detail for Gilpinia Lercyniae (Htg.) by Prebble (1941). 

The cocoons are leathery, cylindrical-oval and generally dark brown in 
colour, but may vary from yellow ish-brown in a dry environment to 
nearly black in a very wet environment. A key to the cocoons of this and other 
sawflies is given by WwW ong (1951). The pupae are exarate with a transparent 
integument. Early pupae are pale green but as development proceeds the 
greenish shade fades and the brain shows through as a purplish mass, then the 
adult colour pattern gradually deepens until the pupal skin is cast. The term 
‘teneral adult’ refers to that part of the adult stage from the casting of the pupal 
skin to emergence from the cocoon and passage of the meconium. 


GENERAL CONSIDERATIONS IN MANITOBA AND SASKATCHEWAN 


The major host of the larch sawfly in this area is tamarack, but Siberian 
larch has been attacked in ornamental plantings. Most of the tamarack stands are 
in the forested areas of the two provinces, but isolated native tamarack stands and 
plantations also occur in the prairies (Fig. 1). 

The larch sawfly has been found in every tamarack stand that has been 
examined in the two provinces. Although an extensive area in northern and 
northeastern Manitoba has not been examined there is no reason to suppose that 
the larch sawfly is not present there. 
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Fig. 1. Distribution of larch sawfly and its host, tamarack, in Manitoba and Saskatchewan. 


The habitat conditions encountered by the larch sawfly are therefore variable. 
Typically the host tree grows in small stands with moderate stocking. The soils 
are fibrous peat from four inches to many feet deep and are subject to periodic 
flooding. In winter, tamarack stands tend to accumulate a heavy snow cover 
which persists longer than on the uplands. The high water table and low heat 
conductivity of fibrous peat keep soil temperatures low throughout the summer. 
The cocoons in the soil of bogs rarely encounter temperatures as high as 20° C. 
During the summer, air temperatures in the bog forest are lower than in adjacent 
open areas. At Prince Albert, Saskatchewan, the Meteorological Service Records 
taken during July, 1953, show maximum and minimum air temperatures 4° 
and 2° F. higher than corresponding temperatures recorded in the bog forest 
by Turnock (1955b). The lower temperatures in the bog forests are associated 
with high humidities due to high water tables and relatively low wind speeds. 
In contrast to the cool, moist environment of the bog forest the ecoclimate of 
upland plantations on the prairies must be hot and dry, yet the larch sawfly has 
periodically occurred in high numbers in such areas since 1928. The climatic 
differences between the forested and prairie areas of Central Canada are discussed 
by Kendrew and Currie (1955). 

The history of outbreaks in Manitoba and Saskatchewan is not well docu- 
mented prior to 1938. The following dates indicate the appearance of larch 
sawfly outbreaks in at least parts of Manitoba and Saskatchewan: 

Manitoba — 1911 to 1914, 1924 to 1928, 1938 to 1959 (still active) 

Saskatchewan— 1941 to 1959 (still active) 

During the recent outbreak, populations have not remained high throughout the 
whole area. Most tamarack stands have suffered no more than three consecutive 
years of heavy defoliation. The populations have fluctuated widely from year 
to year and between stands in the same district. 
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The effects of defoliation on the host tree during earlier outbreaks in North 
America have been described by Graham (1956), Hewitt (1911, 1912), Fyles 
(1892 and 1907), Jarvis (1904), and Swaine (1913). These authors stress heavy 
mortality in the host stands following three years of heavy defoliation but during 
the recent outbreaks no reports of extensive “mortality have been made. L sejeune 
(1947), Beckwith and Drooz (1956), and Turnock (1954, 1955a), reported up to 
35 per cent mortality in a few study plots. The effects of defoliation are 
cumulative and symptoms of prolonged attack develop in the followi ing sequence: 

1. Reduction of foliage and shoot production— 

Defoliated branches or trees are less vigorous the year following defoliation. 
New shoot growth i is scarce, fewer fascicles produce “needles and the length of 
the needles is reduced. 

2. Death of branch tips— 

Continued defoliation of the tree leads to mortality of branch tips and the 
production of adventitious growth on the basal portion of the branches. 

3. Branch mortality— 

As the tree vigour declines whole branches die, particularly near the top 
of the tree. Adventitious shoots may be produced abundantly along the main 
stem and surviving branches. 

4. Tree mortality— 

Additional defoliation or the effects of other factors, e.g. high water levels, 
frost or bark beetles may cause the death of the tree. 

This sequence has been observed in only a few stands; in others the trees 
have recovered when the larch sawfly populations declined and favourable grow- 
ing conditions occurred. Although bark beetles have been associated with the 
death of a few trees, secondary insects have not been an important factor in 
tamarack mortality during the current outbreak.- From an economic standpoint 
mortality has been insignificant and the most important loss has been in radial 
increment. The discrepancy between the effects of the earlier and the recent 
outbreak may be explained by differences in the ages of the trees involved 
(Lejeune, 1947). The trees reported killed by previous outbreaks appear to have 
been mature while the present tamarack stands are generally less than 70 years 
of age. In addition, the earlier reports may have been somewhat exaggerated. 
These sawfly attacks occurred during periods of human colonization and 
dev elopment when large volumes of tamarack were used for bridge and railway 
construction, e.g. Quebec in the 1880’s, Manitoba and Minnesota between 1910 
and 1920. Completely defoliated tamarack look dead to the casual observer and 
many that might have recovered may have been cut. Dead tamarack in flooded 
stands along new roads may also have been attributed to larch sawfly attack by 
untrained observers. 

Tamarack is not, at present, an economic species in Manitoba and Saskat- 
chewan. In the past the railways used large volumes for ties, bridge timbers and 
platforms but the present stands are too young to supply this type of material. 
In Saskatchewan, the recent Forest Inventory of accessable areas (Atkinson & 
Palley 1952, Palley 1953, Palley & Kabzems 1954, Kabzems 1955, 1956) showed 
only” 1.08 per cent of the total merchantable wood volume of 9,083,626,000 cu ft. 
was tamarack, and most of it in the smaller diameter classes. The corresponding 
figure for Manitoba is 2.13 per cent of 2,413,567,800 cu. ft. (Gill 1958). From 
another viewpoint, however, tamarack is a very useful species. In Manitoba 
about 25 per cent and in Saskatchewan about 30 per cent of the accessible forest 
area is non-productive, much of it too wet to support commercial forests. 
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Fig. 2. Generalized life cycle of the larch sawfly in Manitoba and Saskatchewan. 


Tamarack is the only tree species capable of invading these wet sites and initiating 
forest succession (Conw ay 1949, Duncan 1954). 


LIFE HISTORY 


Seasonal Occurrence of Stages 


The larch sawfly passes through a single generation per year. Very rare 
individuals lack the diapause factor and emerge as adults the same year as cocoon 
formation, and a few individuals remain in prolonged diapause and complete 
their development as long as three years after completion of larval feeding. In 
Manitoba and Saskatchewan the dates of occurrence of the different stages 
generally follow the pattern shown in Fig. 2. In the spring, pupae are found 
from mid- May to mid-July. Adult emergence begins during the last week in 
May, reaches a peak about July 1, and ends in late July. Eggs are found in the 
field from about June 10 to mid- August, and hatching occurs about 10 days after 
oviposition. Feeding larvae are present from mid-June to the first week of 
September. About twenty days are required to complete larval feeding (Heron 
1951) and the fifth-instar larvae begin to drop from the trees about July 7, 
reach a peak about August 1, and disappear from the trees by the first week 
of September. 

The variability of the seasonal occurrence of adults and falling larvae between 
years at the same place and between two locations is shown in Table I. Data on 
the time of adult emergence and larval drop were collected at Prince Albert, 
Saskatchewan, and near Rennie, Manitoba (Fig. 1). The adults were taken from 
screen Cages covering two square feet of ground surface. At Prince Albert the 
cages were visited every two days but the use of a trap (Turnock 1957) allowed 
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TABLE I 


Dates of larch sawfly adult emergence and larval drop in different 
years at Prince Albert, Saskatchewan and Rennie, Manitoba 








Dates of adult emergence | Dates of mature larval drop 


“=a | 
Range Mean | No. | Range | Mean 
| adults 


| | 
| | 











Prince Albert, Sask. 
1952 May 26-July June 25 July 13-Aug. 31 Aug. 
1953 | June 6-July ; July 3 July 7-Sept. 4 July 
1954 June 12—Aug. July 7 | July 17-Sept. 3 July 





Rennie, Manitoba 
1955 | May 23-July 14 | June 20 June 29-Aug. July 15 
1956 | June 1-July 28 June 27 July 1-Sept. July 28 
1957 May 22-Aug. 28 July 4 July 5-Sept. July 29 

















1958 May 28-Aug. 3 July 5 July 2-Sept. Aug. 4 








the period to be extended to four days at Rennie. Falling larvae were channelled 
by cloth funnels into metal boxes containing moss. The larvae formed cocoons 
in the moss and were counted when the boxes were replaced at 4-day intervals. 
The difference between the locations is variable, but adult emergence appears to 
be about one week earlier and larval drop about two weeks earlier at Rennie than 
at Prince Albert. The variability between years at each location was up to 15 
days in the mean date of adult emergence. The mean date of larval drop varied 
only slightly at Prince Albert and up to 20 days at Rennie. 

The life history of the sawfly is characterized by a high degree of over- 
lapping of the stages of the life cycle. During the months of June and July all 
stages may be present at the same time. This overlap is illustrated by the dates 
and frequency of occurrence of the adult, egg, each of the five feeding larval 
instars and the cocooning phase in a tamarack stand near Rennie in 1958. Fig. 3 
shows the occurrence of each stage during the summer as a percentage of the 
total number of individuals collected in that stage. All data were collected at 
four-day intervals. The adult emergence and mature larval drop data were 
collected as described above. The information on eggs and feeding larvae were 
obtained from random samples of branches collected by W. G. H. Ives. 


Adult Stage 


After casting the pupal skin the adult uses its mandibles to cut off one end 
of the cocoon. This cut is characterized by its sharp outlines and shallow scallop 
with distinct points between them. Cocoons from which adults have emerged 
can be separated from those eaten by mice and shrews by the serration on the 
cut edge (Buckner 1958). In reared material, adults shed the meconium as soon 
as they leave the cocoon. 

Under laboratory conditions emergence of adults took place at temperatures 
from 5° to 20° C. The percentage reaching the adult stage at each of these 
temperatures was: 
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Fig. 3. Seasonal occurrence of larch sawfly life stages near Rennie, Manitoba, in 1958. 


Temperature (° C) No. of cocoons Percentage adult emergence 
5 99 
10 100 83 
15 102 84 
20 54 11 


These and other rearings indicate the optimum temperature for development and 
survival to the adult stage to be about 15° C. Mortality increased greatly at 
20° C. Under natural conditions adult emergence may begin shortly after soil 
temperatures reach 5° C. In 1951, at Prince Albert, Saskatchewan, 600 cocoons 
were buried five inches beneath the surface in a tamarack bog in early May. 
Two temperature measurements, at 0900 and 1600 hours, M.S.T., were taken 
twice weekly at the cocoon depth. To the date of first adult emergence, July 
17, the maximum soil temperature was 10° C. (June 15 and July 6) and the mean 
63°. 
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TABLE II 


Per cent males among adults reared from cocoon collections. The locations vary from 
central Saskatchewan (Sandfly Lake) south and east to northern Minnesota (Laporte) 




















Per cent males 
Location No. collections Total adults | l 
para ta: _ Mean Resge 
be } 
Sandfly Lake, Sask. 1 268 | 2.42 — 
Pierceland, Sask. | 5 1,580 | 1.52 | 0.62 to 5.26 
Turtle Lake, Sask. | 1 | 606 0.33 ce 
Prince Albert, Sask. 10 1,910 | 2.51 0 to 9.26 
Riverton, Man. 1 | 342 | 1.46 = 
Rennie, Man. 4 | 8,434 0.76 | 0.46 to 2.07 
| . ae “ 


Laporte, Minn. 1 811 








Oviposition is most commonly observed on warm afternoons with air 
temperatures above 20° C. During experiments with high temperatures, adults 
first showed evidence of heat discomfort (loss of co-ordination, violent activity ) 
at 30° C. and permanently deleterious effects appeared after short exposures to 

5° C. Graham (1956) noted that larch sawfly adults may burrow into the moss 
when air temperatures are very high. The minimum temperature threshold for 
activity of the adults is low. They are active at 5° C, although no data are 
available on their ability to oviposit at this temperature. At 0° C. the antennae 
move rapidly but other movements are slow. Below 0° C. the adults 
are immobilized but survive exposures of —4° C. for 3.5 hours and —12.5° for 10 
minutes. The first evidence of cold injury in adult larch sawfly is permanent 
paralysis of the front legs after warming to optimum temperatures. In Manitoba 
and Saskatchewan temperatures in the upper lethal zone may be encountered 
in plantations in the prairie area but rarely in the forest stands. In northern areas 
frosts often occur during the adult stage, e.g. at Fort Smith, N.W.T. (60° 00’ N, 
111° 52’ W) temperatures as low as —7° C. have been recorded in June and 
—4° C. in July (Kendrew & Currie 1955), but the adults are protected by their 
low temperature tolerance and probably by burrowing into the moss at night. 
Observations on adults caged over moss showed that few adults could be observed 
on the vegetation or the screen early in the morning but the number increased 
until mid-afternoon (Turnock 1959). 

The adult sawfly is capable of strong flight at high temperatures but ap- 
parently flies only as far as the nearest host. No evidence of extensive dispersal 
has been reported. They appear to be strongly photopositive and seek out the 
periphery of the host crown. 

Reproduction is by obligatory parthenogenesis and males are rare. Smith 
(1955) discusses the mechanisms of reproduction and the occurrence of males in 
the larch sawfly. The percentage of males reared from large samples of cocoons 
from various points in Manitoba and Saskatchewan in several years are given in 
Table II. The number of males fluctuated considerably both between and within 
localities. Although Smith felt that more males were produced i in southern than 
in northern areas there is no evidence of such a trend in these data, possibly in- 
dicating that the production of males is controlled more by heredity than by 
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Tas_e III 


Number of eggs per cluster on shoots grouped by length 
Grouped data for Manitoba and Saskatchewan 


























Shoot length (mm. ) No. of shoots Eggs per cluster 

1-10 3 us 

11-20 77 | 11.1 

21-30 160 15.4 

31-40 | 88 | 19.3 

41-50 46 | 23.5 

51-60 | 18 | 28.6 

61-70 | 5 | 34.6 

71-100 | 5 23.2 

—_ Total 1 fo” 402 — 7 ie Average 17.5 











environment. The effectiveness of the few males is doubtful; although mating 
has been observed (Coppel & Leius 1955, Muldrew 1959) there is no evidence 
that fertilization occurs. 

The eggs are laid in the new shoots of tamarack, although rarely two or 
three eggs may be found in one-year old twigs. In locating an oviposition site 
the female moves over the foliage with her antennae moving rapidly. After 
locating a suitable shoot, the female moves to the tip, faces the base on the lower 
side of the shoot, and moves slowly basally, cutting a double line of slits with 
her ovipositor and depositing a single egg in each. Up to 67 eggs may be laid 
in a single shoot, possibly the entire capacity of one female, but normally each 
female oviposits in several shoots. 

The adult female appears to be capable of Ovipositing immediately after 
emergence, without a pre-oviposition period. Heron (1955) estimated the 
fecundity of adults reared from material collected at Pierceland, Saskatchewan, 
by allowing them to oviposit and by dissecting the ovaries and counting mature 
and near-mature oocytes 24 hours after emergence. The mean and ,standard 
errors for the two groups were 71.9 + 3.8 eggs and 89.1 + 3.9.eggs, respectively. 
This indicates that the small immature oocytes, which are present;at eclosion, do 
not mature during adult life. Starvation may considerably reduce the fecundity. 
Heron (loc. cit.) calculated the number of mature oocytes per female to be only 
27.1 + 3.9 among adults that had been partially starved during the larval stage. 
Despite the differences in fecundity there was no appreciable difference in the 
number of eggs per shoot laid by adults from the starved and fully fed larvae. 

Thielmann (1938) reported that larch sawfly adults have a life span of 
10 to 14 days in Europe but little information is available for North America. 
At Prince Albert in 1951, 17 adults individually confined in cages covering small 
tamarack had an average life span of 5.2 days. Where suitable oviposition sites 
are not available this period may be considerably lengthened. Muldrew (1959) 
has maintained females in cages without ovipositing as long as 15 days. 

The ability to survive without ovipositing may be important to the first 
adults to emerge in the spring as suitable oviposition sites may not be available. 





~) 
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TABLE IV 


Frequency distribution of egg clusters containing different numbers of eggs. 
Grouped data for Manitoba and Saskatchewan. 














Eggs per cluster No. of clusters Per cent of total 
1-10 303 18.4 
11-20 700 | 42.5 
21-30 441 26.8 
31-40 138 8.3 
41-50 | 49 | 3.0 
51-60 15 0.9 
61-70 3 | 0.2 


Total 1,647 


For example, at Prince Albert, adult females were observed in the field on May 
24, 1951, oviposition sites were not available until May 31, and no eggs could be 
found until June 12. Similarly, in 1953 the first adults were recorded on June 
7 but no eggs were found until June 18. 


Egg Stage 

The number of eggs laid in a single shoot of the host is partially dependent 
upon the shoot length, but the relationship is of a general nature. Table III 
shows that few eggs are laid on shoots under 10 mm. in length and the number of 
eggs per shoot increases with shoot length up to 70 mm. 

The number of eggs per cluster was extremely variable, ranging from 2 to 

67 (Table IV). Egg clusters containing less than 31 eggs made up 87.7 per cent 
of the number sampled and over 40 per cent of the clusters contained 11 to 
20 e€ ggs. 

When the eggs are laid on soft, developing shoots, the oviposition slits in- 
hibit growth of the lower side of the shoot and a curled shoot results. On older 
shoots no curling can be observed. 

The average duration of the egg stage in Manitoba and Saskatchewan is 
about 8 to 10 days, depending upon air temperature and insolation. Extreme 
durations of the egg stage of 7 and 15 days have been recorded. The temperature 
thresholds for egg development and Ney are unknown. At Rennie, 
Manitoba, some egg clusters required two days for eclosion, possibly indicating 
that the night temperatures were below the minimum threshold for hatching. 


Larval Stage 
Feeding Larvae.—After emerging from the egg the first-instar larvae begin 
to feed on the needles of current shoots, but soon move basally to the needles on 
the older twigs. First-instar larvae cling to the needles and face apically, basally, 
or crosswise, while feeding. They leave small feeding nicks along the edges of 
the needles. The feeding of later instars is confined to the needle fascicles on 
the older twigs. Each larva moves out to the end of a needle and begins to feed 
at its tip. As the tip of the needle is consumed the larva moves slowly back- 
ward, feeding as it goes. The entire needle is eaten, with occasional exceptions 
of a onal stub, before another needle is started. 
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TABLE V 


Duration and relative frass yield of larch sawfly larval instars* 








| 
| 








Duration of stadium Per cent of total frass yield — 
(days) dry = (mg. ) 
Instar a Seed a l % 
Mean Range | Mean S.D. of groups 

I & Il 5 2-8 1.3 0.5 

III 3 2-6 2.4 1.4 

IV 3 2-7 15.3 10.8 

V 9 4-14 81.0 10.8 








*from Heron (1951) 


The larvae are gregarious during the first four instars, and feed in tight 
clusters on a few fascicles of needles. As the foliage is consumed the colony 
moves away from the branch tip until a fork in the branch is reached. The larvae 
then move, without feeding, to the tip of another twig. Feeding resumes on the 
foliage at the apex of the twig and continues basally until another fork is reached. 
This leads to the defoliation of the host tree from the top downward and the 
branch tips inward. 

Larvae of the fifth instar become less gregarious and as the end of the feeding 
phase approaches they may wander widely over the host foliage. Wandering is 
also encouraged by starvation. If the host is defoliated before the larvae have 
completed feeding, weakened larvae may drop from the branches, wander over 
the surface of the ground and attempt to regain a feeding position by climbing 
any vertical object. 

The duration of the feeding instars and the frass yield are summarized in 
Table V. About 80 per cent of the frass yield is produced by the fifth instar. 
Preliminary studies on the relationship between frass yield and foliage consump- 
tion indicated that this instar may consume an even higher proportion of the 
total foliage consumed. 

Cocooning phase of the fifth-instar.-When the fifth-instar larvae have 
completed feeding they remain on the host foliage until the alimentary tract 
has been evacuated, then drop to the ground and seek a suitable location to spin 
a cocoon. The length of time spent on the foliage is variable, because the larvae 
react to any disturbance by dropping to the ground. When the larvae reach 
the ground ‘they immediately attempt to crawl into the soil if the surface is moist 
(Ives 1955). When the soil is dry considerable wandering both above and below 
the surface occurs. The larvae do not burrow but follow natural channels in 
the peat soil which normally occurs beneath the host trees. In choosing a site 
for cocooning, the larvae prefer moist soil; excessively dry or wet locations are 
unfavourable (loc. cit.). 

The location of the cocoon beneath the surface varies in relation to the level 
of the water table and differences in microtopography. Turnock (1959) and 
Buckner (1959) found over 70 per cent of the cocoons within three inches of 
the surface, but under hummocks many cocoons are found as deep as 9 to 12 
inches. In drained tamarack bogs w ith deep fibrous peat and low water tables, 
the larvae may form cocoons as deep as 36 inches beneath the surface. 
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Eonymph phase.—After spinning cocoons the larvae adopt a characteristic 
curled position and enter diapause. During the first four to eight weeks of this 
phase their level of metabolic activity falls. Lejeune et al. (1955) noted that 
larvae in newly formed cocoons up to four weeks old suffered high mortality 
when submerged. Resistance to submergence increased with age until at eight 
weeks it reached the level characteristic of overwintering larvae. During a 
shorter period following cocoon formation, about two weeks, the course . of 
diapause may be altered by placing the cocoons at 0° C. (Turnock 1959). 
Among cocoons placed at ‘low temperatures during this period the incidence 
of prolonged diapause was increased. 

In the laboratory, Turnock (1959) found the temperature range for suc- 
cessful overwintering to be from 0° to 15° C., with the optimum about 5° C. 
At 20° C. little development occurred while at —5° C. high mortality was 
recorded. Eonymphs are extremely resistant to low temperatures and flooding 
during the diapause stage. After the hardening period in the fall they can 
survive temperatures of —10° C. for 10 weeks (loc. cit.) and submergence for 
up to 50 days (Lejeune et al. 1955). During the winter the metabolic activity 
of the larvae is low and the resumption of development is signalled by an in- 
crease in oxygen consumption. With this increase the eonymphs again become 
susceptible to mortality with short periods of flooding. 

The larch sawfly is essentially univoltine. A small number, less than 0.05 
per cent of approximately 10,000 cocoons reared at Rennie, developed to the 
adult stage without diapause. These emerged too late in the fall to produce 
a second generation. A larger but highly variable percentage of the eonymphs 
remain in diapause more than one year. The percentage of living eonymphs one 
year following cocoon formation, based on the total of emerged adults plus living 
eonymphs, varied in different meee as follows: 

Prince Albert, Sask. , 39, 41 per cent 

Rennie, Manitoba _ ge , 9, 12, 16, 19 per cent 
Larvae may remain in diapause more than three years but the numbers invoived 
appear to be small. 

Pronymph phase.—The minimum temperature threshold for the pronymph 
stage appears to be slightly above 0° C. (Turnock 1959). Development through 
this phase may occur at temperatures as high as 20° C. but the optimum appears 
to be between 5° and 15° C. Under natural conditions some pronymphs a 
complete their development at temperatures below 5° C. Butcher (1951), 
Minnesota, suggested soil temperatures above 20° C. were unfavourable for om 
nymphal development. 


Pupal Stage 


In the larch sawfly the pupal stage exhibits the same ability to develop at low 
temperatures shown by the pronymphal stage. Turnock (1959) calculated a 
theoretical minimum temperature threshold of 2.8° C. At temperatures between 
12.4° and 18.8° C. the pupal stage was completed in an average of 10.5 days. 
Under natural conditions the stage may be completed at temperatures about 
5° C. and lasts about 21 days. 


SPECIAL RELATIONSHIPS TO THE ENVIRONMENT 


The larch saw fly inhabits an environment in which both the physical and 
biotic factors are capable of violent changes. The following discussion covers 
the factors affecting larch saw fly populations and their fluctuations. 
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Physical factors 


The water table in bog forests affects the larch sawfly both directly and 
through the host tree. Tamarack shoot growth and foliage production increase 
during low water and decrease during high water. Thus larch sawfly popula- 
tions may be encouraged by abundant oviposition sites and available food or 
drastically reduced by the failure of host trees in a flooded stand to put forth 
adequate growth. 

The indirect effects are usually overshadowed by the direct mortality caused 
by fluctuations in the water table, mainly affecting two stages in the life cycle. 
In bogs with open pools of water, larvae dropping from the trees may drown. 
Larvae in cocoons may also be killed by submergence (Lejeune et al. 1955). 
Bogs where the water table is high rarely support large larch sawfly populations, 
but where the water level fluctuates the population may increase during a series 
of dry years and then be reduced catastrophically by heavy rainfall and a rise 
in the water table. 

Graham (1956) suggests that storms with strong winds and heavy rains may 
cause mortality to the feeding larvae. At Rennie, observations indicate that 
only fifth-instar larvae that have finished feeding fall from the trees during storms 
and no mortality occurs unless the rainfall has been heavy enough to flood the 
ground surface. Attempts to dislodge younger larvae from the branches by 
violent shaking or pouring water from a can were completely unsuccessful. 
These observations apply only to larvae on foliated branches; starved larvae drop 
readily even without disturbance. Fourth-instar larvae that drop from the trees 
due to starvation die. Fifth-instar larvae may survive, depending upon the 
amount of feeding completed before defoliation (Heron 1955), but the weight 
and fecundity of adults produced from such larvae are reduced. 

High soil temperatures during July may kill pupae and unemerged adults. 
Butcher (1951) discussed this mortality factor in Minnesota but soil temperature 
data from Prince Albert, Sask., (Turnock 1959) indicated that lethal tempera- 
tures (above 20° C.) occurred only in the upper soil layer. As cocoons in this 
layer are the first to produce adults in the spring, little mortality due to this 
factor can be expected. In southern areas, early heat waves could produce 
extensive mortality among cocoons near the surface. The causes of mortality 
in the egg stage are largely unknown but the data given in Table VI suggest 
that weather may be associated with the differences between stands. The most 
successful hatching (Prince Albert, 1954 and Rennie, 1956 to 1958) occurred in 
tamarack stands with a density of over 800 stems per acre and a height above 
30 feet. The lower percentages were recorded among eggs on open-growing 
tamarack. Either directly or indirectly increased exposure to sunlight and wind 
appears to increase egg mortality. 


Biotic Factors 


Variations in the shoot and foliage production of the host tree appear to be 
the most important biotic factors affecting the larch sawfly although parasites and 
predators have been investigated more thoroughly. Disease is not an important 
mortality factor. 

Host suitability—The number of new shoots and the amount of foliage 
produced by the host trees affects the number of eggs deposited and the number 
of larvae that can complete feeding. Complete defoliation and intraspecific 
competition occur only when the adult population and available oviposition sites 
are high in relation to the amount of foliage on the host trees. Both defoliation 
by larch sawfly larvae and unfavourable water levels in the bog may reduce the 
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TABLE VI 


Percentage hatching of egg clusters under field conditions 
at Prince Albert, Sask., and Rennie, Man. 














Location Year Number of eggs Per cent hatch 
Seti OT: RO Oa ad oe See 

1952 4361 43.8 

| 1954 627 67.0 

Rennie 1954 2820 48.4 
1956 | 479 76.8 

1957 | 4455 67.6 

1957* | 1936 78.9 

1958* | 997 72 7 











*Data supplied by W. G. H. Ives, based on egg clusters hatching within four days after being 
brought from the trees to the insectary. 


production of shoots and foliage by tamarack. A reduction in the shoot produc- 
tion, by reducing the number of eggs laid, could eliminate larval competition 
and produce the maximum number of adults to begin the next camp The 
reverse situation, abundant shoots and little foliage, might produce catastrophic 
larval mortality and a small succeeding generation. 

Parasites and insect predators.—The effect of other insects on the larch sawfly 
in Manitoba and Saskatchewan through predation and parasitism has been 
adequately reviewed (Muldrew, 1955, 1956). The parasite complex is small; no 
egg parasites and only a few larval parasites have been reported. Of the larval 
parasites, only the tachinid, Bessa harveyi (Tnsd.) is abundant in Manitoba and 
Saskatchewan. The effectiveness of the ichneumonid, Mesoleius tenthredinis 
(Morley) has been destroyed by the appearance in the host population of the 
ability to encapsulate the parasite eggs (Muldrew 1953). A pteromalid cocoon 
parasite, Tritneptis klugii (Ratz.), was widely released but has been recovered 
only sporadically. Rare occurrences of nine other species have been recorded 
(Lejeune & Hildahl 1954). 

The effectiveness of insect predators attacking the egg and larval stages is 
difficult to evaluate. Turnock (1953) reported four species of anthocorids, a 
mite and a spider, and Muldrew (1955) lists three species of pentatomids, neurop- 
terous larvae, and wasps as predators of eggs and/or larvae. 

During the cocoon stage some mortality can be attrtbuted to various Coleop- 
tera. At Prince Albert, Sask., in 1951, nine to 18 per cent of the cocoons found 
in the soil had been entered by elaterid larvae. Fight species of elaterids were 
found in the bog soils but only Ctenicera triundulatus (Rand.), C. propola 
propola (Lec.) and C. resplendens aerarius (Rand.) (identified by R. Zacharuk, 
Saskatoon) definitely preyed on larch sawfly cocoons. Several species of adult 
Carabidae and Staphylinidae are suspected as predators but no positive information 
is available. Insect predation on the cocoon stage does not appear to be an 
important mortality factor. 

The adult stage is generally free from insect predators but carpenter ants, 
Camponotus sp. and spiders, Xysticus sp. have been observed carrying dead adults 
on the ground surface (Turnock 1959). 
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Vertebrate Predators.—The most intensively studied group of vertebrate 
predators are the small mammals preying on the cocoon stage. Buckner (1955, 
1957, 1958, 1959) described the species of mice and shrews found in tamarack 
bogs in southeastern Manitoba and discussed their relationship to the larch 
sawfly. This type of predation is an important mortality factor. Up to 95 
per cent of the cocoon population may be destroyed, but the effectiveness of 
this factor in controlling larch sawfly outbreaks has not been adequately docu- 
mented. 

Fifth-instar larvae may be eaten by frogs when they drop to the ground 
(Buckner 1952). 

Preliminary studies have indicated that avian predation may be an important 
mortality factor affecting the adults and feeding larvae. Published reports 
(Buckner 1953, Heimpel 1953) list nine species of avian predators but more 
recent studies (Buckner and Turnock 1957) add seventeen species to this list. 
The impact of this large predator complex on the population fluctuations appears 
to be important although no records of the amount of mortality are available. 


Factors Controlling Population Fluctuations of the Larch Sawfly 


Although information on many factors contributing to larch sawfly popula- 
tion changes is available, the factors vital to the initiation and termination of out- 
breaks over large areas are not indicated. Population increases certainly depend 
upon the presence of host stands producing adequate amounts of shoots and 
foliage. Although the recent outbreak extended westerly and northwesterly 
from southern Manitoba there is no evidence to suggest that dispersion played 
any part in this movement. The rapid extension of the outbreaks, the scattered 
nature of host stands, the lethargic behaviour of the adult, and the subsequent 
independent population fluctuations in adjacent stands indicate the presence of a 
small residual population which responded to some generally favourable condition. 
Lejeune (1951) suggested that periods of low rainfall may favour population in- 
creases by lowering the water table in bogs. Attempts. to determine the main 
factor responsible for the termination of large outbreaks have not been successful. 
In different locations and times the decline of populations has been attributed to: 
high water levels, deterioration of host stands and intra-specific competition for 
food, parasitism by Mesoleius tenthredinis (Morley) or Bessa harveyi (Tnsd.), or 
predation by small mammals. These factors appear to have been chosen on the 
basis of conspicuously high mortality attributable to the factor during some stage 
of the life history. Because Morris (1957) indicated that fluctuations of 
mortality factors causing relatively low percentages of mortality may control 
population fluctuations on insects the conspicuous factors listed above may be 
unimportant. The present studies at the Winnipeg Laboratory, Forest vrey :d 
Division, are providing data on the fluctuations of the larch sawfly and 1 

mortality factors. The life tables based on these data may indicate a key aoe 
controlling the larch sawfly or several factors which vary with time ‘and the 
characteristics of the host stand. 
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Distribution of the Immature Stages of the Diamondback Moth, 
Plutella maculipennis (Curt.) (Lepidoptera: Plutellidae), 
on Cabbage 


By D. G. Harcourt 


Entomology Research Institute, Research Branch, Canada Department of Agriculture 
Ottawa, Ontario 


Many experiments in entomology are evaluated by counts of the number of 
individuals in each unit of space or time. The original counts may be sum- 
marized in a frequency distribution showing the number of units containing 0, 
1, 2, 3. . . individuals of a given species. If a population is distributed over a 
number of units at random, the distribution of numbers per unit will approximate 
a Poisson series, the variance of the population being equal to its mean. Such 
distributions are rare in nature. Usually there is an excess of unoccupied units 
and of densely occupied units over Poisson expectation. This departure from 
randomness is attributable to contagion, where the presence of one insect in a 
unit increases the probability of others occurring in that unit. It results from 
the egg-laying habits of adult insects, gregariousness of feeding larvae, etc. 

The negative binomial (q — p)* is the most widely applicable of the dis- 
tributions that have been used to describe insect counts. It is an extension of the 
Poisson series and is defined by two parameters, the arithmetic mean m and an 
exponent k, which is a measure of dispersion. In a negative binomial series the 
variance s* is greater than, and varies disproportionately with the mean. As the 
variance approaches the mean (and k increases) the distribution converges to 
the Poisson. Conversely, as the variance departs from the mean (and k ap- 
proaches zero) the distribution converges to the logarithmic series (Fisher et al., 
1943). The application of the negative binomial to biological data has been out- 
lined by several authors, e.g. Fisher (1941), Anscombe (1950), and Bliss and 
Fisher (1953). 

The present paper concerns the distribution of counts of the immature 
stages of the diamondback moth, Plutella maculipennis (Curt.). 

General Methods 

The diamondback moth is a small plutellid that is a sporadic but potentially 
serious pest of cabbage and related crops in Canada. Its biology in Ontario has 
been rather fully described (Harcourt, 1956, 1957 

In the spring of 1958, a half acre of early cabbage, variety Golden Acre, was 
set out in a study field at Merivale, Ont., five miles south of Ottawa. No in- 
secticides were used in or near the experimental field, and by July 24 the plants 
bore a moderate infestation of P. maculipennis, all stages of the insect being 
present. The field was then divided into 28 plots of equal size. Eight plants 
per plot, a total of 224 plants, were chosen at random, dissected, and examined 
leaf by leaf, the numbers of eggs, larvae, and pupae being recorded on each. 


Observed Distribution 


When Poisson distributions were fitted to the observed distributions, a chi- 
square test showed that the differences between the observed and expected values 
were highly significant. For all stages, the number of uninfested plants exceeded 
the expected number. In addition, plants containing large numbers of individuals 
were more numerous than expected. However, the frequencies of all counts 
approximated the negative binomial series, and the discrepancies between observed 
and expected values were not significant when the chi-square test for goodness 
of fit was applied (Fig. 1). 
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Fig. 1. Results of fitting the negative binomial (broken lines) to observed (solid lines) 





distributions of counts of the immature stages of the diamondback moth. 
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The values for k were derived from the formula k = m? / (s? — m). How- 
ever, it was desirable to obtain an estimate of k applicable to the insect at different 
density levels. Accordingly, data were examined that were obtained at Merivale 
in 1958 and 1959 during routine sampling of populations of the moth in epi- 
demiological study plots containing both early and late varieties of cabbage. 
Six sets of data for each stage were removed ‘at random from the files, and k 

values were computed by method 1, as described by Anscombe (1949). The 
range of means encountered, and the derived values of k for each stage were as 
follows:— 


Stage Range of means Range of k values Value of common k 
Egg 1.51 - 15.23 0.47 - 0.86 0.64 
First instar 1.01 - 6.02 0.96 - 1.49 1.15 
Second instar 2.65 - 4.82 1.43 - 2.48 2.02 
Third instar 1.81 - 5.76 1.75 - 2.85 2.09 
Fourth instar 1.87 - 7.92 1.86 - 2.24 2.01 
Pupa 1.70 - 4.57 3.25 - 5.36 4.00 


Each of the 36 observed distributions was fitted to the negative binomial 
series described by its common k. For 35 of them, the deviations from the fitted 
curves did not exceed the five per cent level of significance. For the remaining 
distribution, the deviation lay between the five per cent and one per cent level of 
significance. The evidence therefore indicates that the distribution of counts of 
all of the immature stages of the diamondback moth are well characterized by the 
negative binomial series. 


Biological Implications of k 


As previously mentioned, the value for k increases as the distribution ap- 
proaches normality. Thus the increase in k from egg to first instar reflects the 
mortality experienced in this species due to the ‘inevitable failure of a significant 
number of eggs to hatch in large egg masses. Similarly the increase in k from 
first to second instar reflects dispersal of small larvae from crowded to less 
crowded plants. There is little or no plant to plant migration of larvae after 
the first instar. However, mature larvae readily migrate in search of suitable 
pupation sites, leaving densely occupied plants in favour of less occupied ones 
(and thus increasing k). 


Transformation of Counts 


In insect population studies, or in the analysis of chemical control experiments 
in which only the surviving population is recorded, experiments are designed in 
such a way that the differences between treatment means can be readily analy sed. 
An analysis of variance test is applied to the insect counts and the residual error 
MS thus obtained is used to assess the treatment effects. The fact that the 
analysis of variance model presupposes a normal distribution, with variance 
independent of the mean, is generally ignored. 

Many types of transformations have been proposed for stabilizing the variance 
= negative ‘binomial distributions. Most widely applicable is the logarithm of 

x + 1), where x is equal to the observed count (Wadley, 1950). “Anscombe 
pea has suggested the transformation y = log,, (x + k/2). 

The most suitable transformation for counts of the immature stages of the 
diamondback moth will be the one that best stabilizes the variance, i.e., ‘makes the 
variance most independent of the mean. To determine the effect of trans- 
formation upon this relationship, the means and variances of all counts taken on 
July 24, 1958 were transformed using the logarithms of (x + 1) and (x + k/2) 
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TABLE I 


The mean and variance of counts of fourth-instar larvae 
of the diamondback moth, Merivale, Ont., July 24, 1958 














Original counts (x) | Transformed [log (x+1)] | Transformed [log (x+k/2)] 
Plot | } 
Mean Variance Mean | Variance | Mean | Variance 
a ee eee , | } 

1 1.50 2.29 320 | 083 | .348 | .073 

2 2.25 3.29 432 092 456 082 

3 1.00 1.14 248 | 053 | .279 046 

4 3.63 9.99 569 106 587 097 

5 0.50 0.29 151 | 026 | .188 | 022 

6 1.50 1.14 351 | 054 377s | 047 

7 1.13 2.98 232 083 266 .074 

8 3.38 4.57 601 038 615 036 

9 1.75 1.86 379s | 068 Ci 404 .060 
10 0.50 0.29 51 026 188 | .022 
11 2.00 2. 86 405 oo | Comm | 072 
12 0.50 0.58 135 | 038 174 032 
13 2.63 5.14 496 059 514 055 
14 1.38 0.86 329 051 | .356 045 
15 1.50 2.00 335 065 362 057 
16 1.63 0.58 405 | 014 426 013 
17 3.13 3.57 532 | 070~— sd 550 063 
18 2.63 3.71 510 047 | 528 | 043 
19 3.29 3.60 564 025 579 | 023 
20 0.88 0.71 232.— | 042 264—isS| 037 
21 3.29 3.29 532 071 548 064 
22 1.25 3.00 | 250s 094 283 | 084 
23 1.88 3.00 | 383 081 408 .070 
24 4.63 11.71 683 066 695 063 
25 1.25 0.71 314 043 340 038 
26 1.88 2.43 388 079 413 070 
27 6.88 0.71 232 042 264 037 
28 1.38 1.71 a 073 | 336—Csi| 065 

r = 0.854 (P<0.01) r = 0.226 (P>0.05) r = 0.186 (P>0.05) 





(one example given, Table 1). Table I shows that the correlation coefficient 
between the means and the variances was highly significant when the original 
counts were used, not significant when the counts were transformed to log 
(x + 1), and still less significant when transformed to log (x + k/2). 


Discussion 


The negative binomial appears to give an adequate description of the fre- 
quency distribution of the diamondback moth on cabbage. For each stage, k 
remained reasonably stable despite considerable variation in m. The value for k 
may therefore be useful in estimating field populations of the insect, and could 
form the basis of a sequential sampling plan to determine when the infestation 
reaches a level that justifies the application of insecticides. This approach has 
been used by Morris (1954) and Waters (1955) who have developed sequential 
sampling plans for some stages of the spruce budworm. 

The logarithm of (x + k/2) is a satisfactory transformation for counts of 
the diamondback moth which are to be subjected to analysis of variance. How- 
ever, log (x + 1) requires a little less computation and can probably be used 
without a significant loss of precision. 

The writer feels that insufficient use of transformation is made by ento- 
mologists, particularly by those engaged in the chemical control of field popula- 
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tions. Many statistical tests are based on the assumption of normality and may 
be greatly reduced in sensitivity when used in the analysis of overdispersed data. 
Transformations have less of a place in studies on population ecology such as in 
life tables (Morris, 1955; LeRoux and Reimer, 1959), but should not be over- 
looked here as a worthwhile refinement in tests designed to evaluate known 
sources of variation. 


Summary 


Counts of the immature stages of the diamondback moth on cabbage did not 
conform to the Poisson distribution, there being an excess of uninfested plants 
over the expected number. Also, there was an excess of heavily infested plants. 
However, when the observed distributions were fitted to the negative binomial 
series, the chi-square test for goodness of fit indicated close agreement. The 
distributions of the various stages may be described as follows: egg (q - p)™", 
first instar (q - p)7-1%, second instar (q - p)*-°, third instar (q - p)*-*, fourth 
instar (q - p)?°!, pupa (q - p)*. 

A comparison of the mean and variance of counts in each of 28 field plots 
showed that the variance was dependent upon the mean. When the counts were 
transformed to log (x + 1) or log (x + k/2) independence was achieved. 
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A Large Cabinet with Vestibule for Rearing Insects and Other Small 
Animals, with Controlled Temperature, Humidity and 
Air Distribution’ 


By C. Jackson 


Studies in the Entomology Division at Ottawa in 1957 and 1958 led to the 
design and building of a “walk-in” air-conditioned cabinet for rearing insects, air 
motion and distribution as well as temperature and humidity being precisely 
controlled. The air is heated, cooled, humidified, and dehumidified in four 
separate ducts. A quadrate funnel for the air exhaust gives especially even dis- 
tribution of the air within the cabinet, the air moving at 25 to 30 f.p.m. 
Temperature and humidity can be held at any desired levels from 65 to 85 + 
0.5°F. and from 45 to an accuracy of + 1 per cent R.H. provided that ambient 
conditions are within 65 to 85°F. and 5 to 85 per cent R.H. This paper describes 
the cabinet and air- conditioning system and the main princip! les on which the 
apparatus is based. 

Stanley (1951), with his ingenious “autotrephon”, inspired the building of 
this apparatus. He achieved precise temperature and humidity control by mech- 
anical means, using cleverly modified hair humidistats, bimetallic thermostats, and 
a solenoid-controlled air’ distribution system. Use of the newer, electronic 
humidistats and thermostats for operating modulating motors greatly simplified 
the mechanics of the author’s rearing cabinet. 


Gross Features 

The apparatus (Fig. 1) consists of a rearing cabinet and vestibule, (27), an 
air-conditioning unit, which is mounted on the side of the cabinet directly behind 
the vestibule, an exhaust fan (19), air ducts (1, 2, 3, 4, 15, 20), and air-mixing 
plenums (14-16-21). The cabinet is 5 ft. wide, 16 ft. long, and 7 fr. high in 
outer dimensions, and 475 cu. ft. in volume. It is made of 4-ft. panels so that it 
can be easily dismantled for shipping, the joints between ponte being sealed with 
caulking compound. Each panel consists of a frame of 2-by-3-inch lumber 
double-faced with % inch untempered hard board and insulated with 3-inch 
rock wool having aluminum-foil backing on both surfaces. A floor of %4-inch 
plywood covers the Masonite upper surface of the bottom panels. 

Two inches in from one end of the cabinet is a perforated panel of '-inch 
Masonite (17), which diffuses the air entering the rearing cabinet and forms the 
inner wall of one of the (16) air-mixing plenums. It has 240 holes 3/16 inch in 
diameter and spaced 4 inches apart. At the other end of the cabinet is the large, 
quadrate funnel (18), which ev enly collects the air leaving the cabinet. It is made 
of 44-inch plywood, its base being fastened to the floor, ceiling, and side-walls of 
the cabinet 4 ft. in from the end wall. Its apex tapers to a hole 5 in. in diameter 
in the centre of the end wall, through which the air is exhausted by the fan (19). 

The vestibule (27) is 2 ft. 3 in. wide, 5 ft. 6 in. long, and 7 ft. high, with 
walls similar to those of the rest of the cabinet. With its door and that of the 
cabinet it forms an air-lock, enabling objects to be brought in and out of the 
cabinet without directly subjecting the interior to outside conditions. 


Air Conditioning 


The frictional resistance of the unit was calculated to create a static pressure 
of 2 to 3 in. of water. Therefore, a high-pressure steel-plate fan (19) capable of 


iJoint contribution of Entomology Division and No. 621 Forest Biology Division, Science Service 
Department of Agriculture, Ottawa, Canada. 
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Fig. 1. Perspective Drawing of Apparatus. 
LEGEND 


1. Heating duct, 2. Cooling duct, 3. Humidifying duct, 4. Dehumidifying duct, 5. Damper, 
6. Heaters, 7. Air-cooling coils, 8. Immersion pump, 9. Pipe from immersion pump, 10. 
Refrigerant plant, 11. Float-operated open water pan, 12. Baskets containing silica gel, 13. 
Holes for baskets of silica gel, 14. Air-mixing plenum chamber, 15. Delivery duct, 16. Air- 
mixing plenum chamber, 17. Perforated diffusing panel, 18. Quadrate funnel, 19. Fan, 20. Duct 
to air conditioning unit, 21. Plenum chamber, 22. Reversible modulating motor, 23. Reversible 
modulating motor, 24. Temperature control panel with relay, 25. Humidity control panel 
with relay, 26. Crank arm, 27. Vestibule. 
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moving 243 cu. ft. of air per minute against a static pressure of 3 in. of water was 
chosen to circulate the air continuously through the apparatus. 

The air is drawn through the funnel (18) by the fan (19) and forced into 
a duct 34% in. in diameter (20), through a filter, and thence to one or more of 
four ducts in the air conditioning unit, depending on the changes in temperature 
and humidity required. The air is carried from the air conditioning unit over 
the roof of the cabinet by the delivery duct (15). The duct bifurcates and the 
two arms taper just before they enter the air-mixing plenum (16). Air enters 
the plenum through the two openings at 6,000 ft. per minute, a speed calculated 
to give thorough distribution of the conditioned air to all parts of the plenum. 
It leaves the plenum through the holes in the diffusing panel (17), flows 
gently across the cabinet, and is collected by the funnel (18) for recirculation. 

Commercial air conditioning apparatus is usually designed on the basis of 
eight changes of air per hour. In this apparatus, the air is changed 30 times per 
hour, so that the desired conditions can be obtained by gently treating large 
volumes of air rather than by drastically treating smaller volumes. All cal- 
culations were made on the assumption that enough air would infiltrate through 
the cracks around the doors and air conditioning unit to provide one complete 
change of air per hour. 


Air Conditioning Unit 

The four parallel ducts for heating (1), cooling (2), humidifying (3), and 
dehumidifying (4) the air entering the cabinet are made of galvanized iron. They 
are 5 ft. long and are separated from each other by 1 in. of asbestos board. One 
end of each duct is cut to a 45° angle, at the vertex of which a damper of 
%-inch boiler plate (5) is hinged. These dampers open and close under the 
control of the thermostat and humidistat, regulating the amount of air passing 
through each of the four ducts. The thermostat and humidistat are connected 
separately to two modified Wheatstone bridge circuits which are in the electronic 
control panels (24-25). Changes in temperature or humidity cause changes in 
the voltages in these circuits. This voltage change activates corrective action 
in the proper motor (22, 23). The magnitude of the corrective action is pro- 
portional to the voltage, which is in turn proportional to the amount of change 
in temperature or humidity. 

The crank arm (26) of the motor responsive to the humidistat is inter-linked 
with the humidifying and dehumidifying damipers so that, when the motor turns 
the arm from its neutral position it will open the correct damper to release the 
air. The thermostat controls the heating and cooling dampers in the same way. 

To maintain a constant volume of circulating air, the heating duct (1) is 
constructed large enough and the damper is so adjusted as to release the correct 
amount of air when no heating or cooling is required. Under these adiabatic 
conditions all the heaters in this duct are shut off. 

Connected to the axles of the motors are auxiliary mercury switches wired 
into the circuits to activate heaters for humidifying, other heaters for heating (6), 
and four pumps for cooling (8). The heaters in the heating duct are turned on 
in two stages, and the cooling pumps in four, so that drastic action is avoided. 
The cooling pumps are supplied with water no colder than 3-5° F. below the dew 
point of the air conditions being maintained in the cabinet. 

The heating duct (1) is 6 in. high by 12 in. wide, and the air stream within 
it is heated by 14 lamps (6), half of which are 40 watts and half 15 watts. 

The cooling duct (2) is 13 in. high by 10 in. wide, and air is cooled in this 
housing by six air-cooled coils (7). The four pumps (8) supply the air-cooling 
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TABLE | 
Commercially available equipment used 




















Reference Description of equipment Company | Catalogue 
number (Fig.1) | number 
8 Immersion pump Canlab! 72-806 
20 Pressure blower, size B. capacity 243 cu. | Amer. Standard? 
ft. per min. @ 3 inch S.P. with 1/3 h.p., 
3200 r.p.m. motor 
24 ne temperature control electronic | Honeywell* MD791BiK 
pane 
25 Modulating relative humidity control Honeywell | MD55147A1K 
electronic panel 
22, 23 Reversible modulating motor Honeywell | MD04F30DS 
Electronic humidistat Honeywell | H7000A2 
Electronic humidity sensing element Honeywell | Q229A7 
2-step controller mercury switch Honeywell | Q52G1 
8-step controller mercury switch Honeywell | P20-003 
Transformer Honeywell | AT72D2CG 
Insertion thermostat Honeywell L7004A1 
Pressure Blower 85 cu. ft. per min. Kresno-Stomm‘ | BL1 











‘Canadian Laboratory Supplies, P.O. Box 2090, Stn. St. Laurent, Montreal, P.Q. 
*American Standard Products (Canada) Ltd., Box 39, Toronto, Ontario. 
‘Honeywell Controls Ltd., Leaside, Toronto 17, Ontario. 

‘Kresno-Stomm Manufacturing (Canada), Montreal 24, P.Q. 


coils with chilled water (9), which is secured from a reservoir cooled by a %-h.p. 
refrigerant plant (10). 

The humidifying duct (3) is 6 in. high by 5% in. wide, and humidity is 
increased in it by a float-operated, open water pan (11), which is 10 in. long, 4 in. 
wide, and 2 in. deep. Installed in the pan are two 500-watt electric-element im- 
mersion water heaters. : 

The dehumidifying duct (4) is of the same size as the humidifying duct. 
The air stream is dehumidified by absorption on %-mesh silica gel contained in 
four cylindrical baskets (12), 12 in. long and 4% in. in diameter and made of 
14-mesh copper screening. Holes (13) 4% inches in diameter are cut in the top 
of the housing to receive the baskets, which protrude above the housing and are 
covered to make them air-tight. 

These four ducts extend into an air-mixing plenum (14), which is connected 
to the delivery duct (15). 


Humidity Control 


Humidity is controlled by a resistance humidistat in the throat of the funnel 
(18). The signal for humidification or dehumidification passes from the 
humidistat to a relay in the electronic control panel (25), which is used to 
activate the dampers (5) and heaters in the respective ducts. 

Humidif ying. —The maximum amount of water to be vaporized for humidity 
purposes was calculated on the basis of interior conditions of 85°F. and 85 per 
cent R.H. and ambient conditions of 85°F. and 5 per cent R.H. 

Dry air at 85°F. must have 156.4 grains of moisture added to each pound of 
air for the relative humidity to equal 85 per cent; at 85°F., 9.2 grains of moisture 
added to each pound of dry air gives a relative humidity of 5 per cent. The 
volume of a pound of air at 5 per cent R.H. and 85°F. is 13.7 cu. ft. Therefore, 
to bring the 475 cu. ft. cabinet from 5 per cent R.H. to 85 per cent R.H. in 


(156.4—9.2) x 475 


= 5,104 grains, or 0.729 Ib., of water must be 
$3.7 





one hour, 
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added as water vapour. It was estimated that the infiltration rate into a cabinet 
of this design would equal one complete change of air each hour, consequently, 
this rate of humidification would have to be constantly maintained if the cabinet 
were to be operated under ambient conditions of 85°F., and 5 per cent R.H. 
Because of its high latent heat, 0.729 lb. of water requires 765 B.T.U’s to vaporize 
it. This heat loss is compensated for by placing two 500-watt heaters in the 
water pan (11) in the humidification duct. These switch on when the humidistat 
calls for humidification, vaporizing the water in the pan. Large heaters are used 
to facilitate the vaporization. Any excess heat caused by these heaters is com- 
pensated for by the cooling system, in the cooling duct. 

The humidifyi ing heaters release much sensible heat when ambient humidities 
are as low as 5 per cent R.H. but these conditions are encountered only in winter, 
when there is little likelihood of having ambient temperatures of 85° F. 

Dehumidif ying. —The dehumidifyi ing system is similar to that used in pre- 
serving inactive naval vessels, the interiors of the ships being kept at a relative 
humidity below 30 per cent. This apparatus operates best at 75° F. and 55 per 

cent R.H. Precise control of heating, cooling, air motion, and distribution is 
simple. It is the presence of water vapour and its characteristics that introduces 
the complications. 

The amount of silica gel required for drying was calculated on the basis of 
interior conditions of 65° F. and 45 per cent R. H. and ambient conditions of 
85° F. and 85 per cent R. H. Dry air at 85° F. must have 156.4 grains of moisture 
added to each pound of air for the relative humidity to equal 85 per cent; at 
65° F., 41.6 grains added to each pound of dry air gives a relative humidity of 
45 percent. The volume of a pound of air at 45 per cent R.H. and 65° F. is 13.4 
cu. ft. The amount of moisture to be extracted each hour to hold these interior 
conditions working against an infiltration rate of one air change per hour is: 
(156.4 — 41.6) *. 475 

13.4 
100 grains of moisture each hour, bringing the total up to 4,169 grains per hour. 
Since one pound of silica gel absorbs 2,800 grains of moisture, 1.48 pounds of 
silica gel per hour are needed to absorb the moisture under the calculated con- 
ditions. 

Each of the four cylindrical baskets in the dehumidifying duct contains 
5¥, pounds of silica gel. Under maximum load these baskets must be changed 
every 14 hours — less frequently, if larger baskets are used. The silica gel can be 
regenerated by drying it in an oven. An extra set of baskets loaded with dry 
silica gel are kept as replacements for the baskets in the dehumidifyi ing duct. 

When silica gel absorbs moisture, the latent heat of the moisture is released. 
Under maximum dehumidifyi ing conditions, 4,169 grains of moisture are absorbed 


= 4,069 grains per hour. One person in the cabinet adds 


4,169 i 
each hour; thus, ne ,or 0.59, pounds of moisture are absorbed each hour, repre- 
70CO 


senting 0.59 x 1,050, or 620, B.T.U’s of heat. This heat constitutes an additional 
cooling load. 

When the cabinet is operating at 45 per cent R.H. with ambient conditions 
of 85° F. and 85 per cent R.H., an improvement is attained by connecting a sheet 
metal box holding 20 Ib. of silica gel with a 85 C.F.M. blower and blowi ing air 
in one end of the box through the silica gel and out a 2 in. pipe on the other 
end of the box. The pipe is connected to the dehumidifying duct just ahead of 
the damper, and the air intake of rhe blower is connected to the plenum (21) 
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just ahead of the filter. The blower is activated by a mercury switch connected 
to the axle of the modulating motor that controls the humidity; it is adjusted 
so that the system serves as a second or overload dehumidifying stage. A similar, 
solid adsorbent dehumidification unit is available commercially. The second 
stage prevents cycling. However, ambient conditions of 85° F. and 85 per cent 
R.H. are seldom encountered and if the room that the cabinet occupies is cooled 
and dehumidified even slightly they will never be encountered. 


Temperature Control 


Temperature is controlled by an electronic thermostat in the throat of the 
funnel. The signal for heating or cooling passes from the thermostat to a relay 
in the electronic control panel (24), which is used to activate the correct 
dampers (5), heaters (6), or refrigeration pumps (8) when the signal demands. 
The cabinet is designed to operate between 65 and 85° + 0.5° F. The wall, 
floor, and ceiling material has a heat transmission factor of 0.08. Consequently, 
0.08 B.T.U’s of heat move hourly through each square foot of the cabinet wall per 
degree Fahrenheit difference in the inside and outside temperatures. 

Cooling.—The cooling load was calculated on the basis of interior conditions 
of 65° F. and 45 per cent R.H. and ambient conditions of 85° F. and 85 per cent 
R.H., infiltration equalling one change of air per hour and one person being in 
the cabinet. Under these conditions, the heat transmission through the 383 sq. 
ft. of cabinet is equal to the transmission factor (0.08) multiplied by the tempera- 
ture difference (20°) and the area (383 sq. ft.), and amounts to 613 B.T.U’s per 
hour. The sensible heat gain due to infiltration equals the amount of heat that 
must be removed from 1 lb. of dry air at 85° F. to bring it to 65° F. 
(4.8 B.T.U’s) times the volume of 1 lb. of air at 85° F. and 85 per cent R.H. 
(14.15 cu. ft), divided into the volume of infiltration per hour (475 cu. ft.). This 
amounts to 162 B.T.U’s per hour. The heat refeased in dehumidifying this in- 
filtrated air is shown in the calculations discussed under dehumidification to be 
620 B.T.U’s per hour. One person in the cabinet adds 400 B.T.U’s per hour of 
sensible heat and 40 B.T.U’s of latent heat due to moisture. The total cooling 
load equals 613 + 162 + 620 + 440, or 1,835, B.T.U’s per hour. 

One ton of ice absorbs 12,000 B.T.U’s per hour; therefore, a refrigeration 
plant capable of making 0.15 tons of ice per hour is required. A refrigeration 
plant with % tons capacity is used so that there is a surplus to cool extra heat 
produced by the humidification heaters, to compensate for there being more than 
one person in the cabinet, and other heat gains. This refrigeration plant is used 
to chill 45 gal. of water held in an insulated tank, in which the temperature of 
the water is controlled by a thermostatic expansion valve on the refrigeration 
plant. To prevent condensation on the radiators in the cooling duct, this water 
is chilled only 3-5° below the dew point of the air in the cabinet. Four cooling 
pumps (8) pump the chilled water through six radiators (7) in the cooling duct. 
These pumps are activated by mercury switches connected to the axle of the 
modulating motor that opens and closes the damper on the cooling duct. When 
only gentle cooling is required, only one cooling pump is activated and chilled 
water is circulated through only one of the six radiators. At the maximum 
cooling rate all four pumps are activated and chilled water is circulated through 
all six radiators. This modulating control of cooling prevents “over-ride” under 
light load conditions. 

Heating.—The heating load was calculated on the basis of interior conditions 
of 85° F. and 85 per cent R.H. and ambient conditions of 65° F. and 45 per cent 
R.H., infiltration equalling one change of air per hour with no person in the 
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cabinet. The heating load under these conditions is just 400 B.T.U’s per hour 
less than the cooling load calculated previously, namely, 1,435 B.T.U.’s per hour. 
Since the latent heat (620 B.T.U.’s per hour) needed for humidification is supplied 
by the two 500-watt heaters in the water pan in the dehumidification duct, only 
815 B.T.U.’s per hour, or 240 watts, of heat are needed in the heating duct. 
Seven 40-watt and seven 15-watt light bulbs are used for heaters. These are 
activated stepwise by mercury switches connected to the axle of the modulating 
motor that operates the damper of the heating duct. When adiabatic conditions 
are reached, the damper on the heating duct remains partially open but all the 
heaters are shut off and air is circulated through the heating duct, the dampers 
on the other three ducts remaining closed. 
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Book Review 


Insects of Hawaii. Volume 8. Lepidoptera : Pyraloidea. By Elwood C. 
Zimmerman. 456 pp., 347 figs. University of Hawaii Press, 1958. Price 
$8.00. 


This volume continues the excellent standard of Volume 7, reviewed in an 
earlier issue. All the favourable comments I made on that volume apply with 
equal force to this one; the criticisms of classification and nomenclature I shall 
make do not imply that this volume is inferior, but only that because of special 
studies in the Pyraloidea I have knowledge of some matters that Dr. Zimmerman 
as a general student of a particular fauna could not be expected to have. 
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Dr. Zimmerman recognizes 226 Hawaiian Pyralidae, which he places in 45 
genera; 190 species in 12 genera are endemic, seven of the 12 genera are endemic. 
Further study will probably add somewhat to the number of species; one or two 
species that Dr. Zimmerman considers introduced are in my opinion endemic; 
there will probably be little change in the zoogeographic status of the genera. 
Dr. Zimmerman considers that the endemic species represent thirteen invasions. 
This figure is probably about right: Orthomecyna and Mestolobes probably 
represent a single invasion; their nearest relative is the Marquesan Idioblasta, but 
this, as Dr. Zimmerman points out, is more distinct than the two Hawaiian genera 
are from each other; in my opinion Uresiphita virescens and Hyperectis dioctias 
are endemic Hawaiian species, and each represents an additional invasion, three 
of the four phycitine genera may be derivatives of a single invasion, making a 
probable total of 12. The sources of the invasions are in some instances less 
certain than Dr. Zimmerman’s table would indicate: Two Pacific invasions are 
certainly correct for “Margaronia”. One invasion for “Hedylepta” is probably 
sufficient, but there is no certain indication of a Pacific origin, the group being 
well represented in tropical America as well as the Old-World tropics. 
“Oecobia” and “Scoparia” are well represented in tropical America, tropical Asia, 
Australia and New Zealand as well as in the North Temperate Zone; both are 
common components of oceanic-island faunas, both are absent or poorly repre- 
sented in western Polynesia, but this may be due to replacement by later invaders. 
Tulla and Tamsica are safely placed as being of unknown origin. It does not 
seem safe to speculate on the origins of Phycitinae until the classification of the 
Old-World genera is worked out, and I should therefore prefer to classify the 
four genera containing endemic species as of “unknown” rather than “Boreal” 
origin, particularly as Homoeosoma, to which three of the genera are related, 
has a wide tropical range. Considering the large-number and variety of phycitine 
genera, it seems most unlikely that three independent invasions should represent 
genera as Closely related as Homoeosoma, Unadilla and Rhynchephestia; | there- 
fore consider it likely that the six Hawaiian species referred to these genera are 
descendants of a single colonization; this involves the corollary hypothesis that 
the genus Unadilla (or less likely Homoeosoma) is poly phyletic, ‘the Hawaiian 
species not being directly related to the American ones. 


We may turn now to the taxonomic section of the book. I am in almost 
complete agreement with it as a zoological classification of the Hawaiian fauna, 
but I take issue with a number of points involving relationship of genera or 
species to those outside the Hawaiian islands. The key to subfamilies is work- 
able for the Hawaiian fauna, but of course is not of general applicability. The 
four introduced Galleriinae appear to be correctly treated. Hellula undalis is, 
as Capps (Bull. S. Calif. Acad. Sci. 52: 46, 1953) has shown, an Old-World 
species, and Peterson’s illustrations, cited by Dr. Zimmerman, are of the New- 
World Hellula rogatalis Hulst. Lineodes ochrea is, despite Dr. Zimmerman’s 
misgivings, a perfectly good pyraustine; the relationships of the genus are prob- 
ably to the Solanaceae-feeding Leucinodes complex. It may, as suggested, be an 
immigrant from America, but it may equally well be a native species of 
American relationship, comparable to several in the Macrolepidoptera. Hyper- 
ectis dioctias is in my opinion probably endemic, as its habits would indicate. 
Dr. Zimmerman reduces Hydriris exaucta to synonymy, and quotes Meyrick’s 
remark that the latter is “a true Hydriris”, but he does not discuss the relation- 
ship of Hyperectis to Hydriris; actually the relationship is very close, and 
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Hyperectis, if indeed it is a distinct genus, is probably a derivative by the 
Pacific route of the pantropical Hydriris. It may be noted that although 
Hyperectis is keyed as having a complete anal loop this is not shown in the 
figure of the wing-venation. In Terastia the Hawaiian species is not the 
American meticulosalis Guenée, which Dr. Zimmerman unfortunately figures, 
but instead the widespread palaeotropical species subjectalis Lederer, which, as I 
shal] show in a forthcoming publication, is distinct, though it has generally been 
confused with meticulosalis. The Omphisa anastomosalis group is a complex, 
but the Hawaiian species is probably correctly identified. Nomophila noctuella 
is correctly identified, but this is a Palaearctic and Asian species and does not 
have the cosmopolitan range that Dr. Zimmerman, following most authors, has 
ascribed to it. In Hymenia, | believe Dr. Zimmerman is right in sinking H. 
exodias Meyrick to H. recurvalis (Fabricius), but there may be a species complex 
here, and further study is warranted; Margaronia, as | have shown elsewhere 
(Can. Ent. 82: 218, 1950) is an objective synonym of Palpita and must fall. The 
Hawaiian species are not congeneric with Palpita or with each other, cyanomichla 
being at present best referred to Glyphodes and exaula to Stemorrhages. 1 am 
not fully confident that Loxocreon should be united with Hedylepta, but cer- 
tainly the relationship is very close. However the relationship to Omiodes is also 
very close, despite Dr. Zimmerman’s statement to the contrary, and the usual 
reference of the species to that genus is not nearly so misleading as Dr. Zimmer- 
man suggests. Uresiphita is somewhat misplaced; it is the only Hawaiian member 
of the tribe Pyraustini, and should be placed at one end or the other of the 
pyraustine sequence. The relationship to U. polygonalis is obvious but too 
much weight should not be given to the close resemblance in genitalia, as the 
genitalia are virtually identical throughout this small but almost cosmopolitan 
genus. In iny opinion the difference in facies of U. virescens is sufficient to 
establish it as a species distinct from the European polygonalis. The original 
reference to Mecyna is not so badly mistaken as Dr. Zimmerman implies, for 
poly gonalis was universally considered the type of that genus until Pierce and 
Metcalfe in 1938 uncovered an obscure prior designation which necessitated a 
change in usage. Dr. Zimmerman’s concept of the genus “Oeobia” is in my 
opinion zoologically correct, but he has used the name for this genus on erroneous 
grounds, as I argued in Bull. Zool. Nomencl. 13: 183-185, 186-189. The Inter- 
national Commission on Zoological Nomenclature has subsequently confirmed 
my view and suppressed Oeobia (Opinion 536, 1959); the correct name for this 
assemblage is Udea Guenée. The Hawaiian Scopariinae all belong to a single 
compact group as Dr. Zimmerman points out. He leaves them in Scoparia, but 
they are clearly referable to the widespread genus Eudoria. Dr. Zimmerman 
correctly removes Mestolobes and Promylaea to the Crambinae. 


The remainder of the classification seems, so far as I can judge, to be very 
reasonable, though ignorance prevents me from commenting on the Prtero- 
phoridae and Alucitidae. No doubt, as Dr. Zimmerman in several places sug- 
gests, much remains to be done at the species level, but in general he has presented 
an excellent and useful conspectus of the fauna. EuGene Munroe. 
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Survey of Insects Affecting Livestock in Southwestern Ontario 
By H. J. Teskey 


Entomology Laboratory, Research Branch 
Canada Department of Agriculture, Guelph, Ontario 


Knowledge of the insects affecting livestock in Eastern Canada, except 
possibly cattle grubs, has been inadequate. The distribution and control of 
cattle grubs in Eastern Canada were studied by Cameron (1918), Stevenson 
(1934), and Gibson and Twinn (1936). Baker et al. (1950, 1955) reported the 
progress made in reducing cattle grub populations in the warbly fly control 
campaign begun in 1948 in Ontario. Occasional records of liv estock pests have 
appeared in The Canadian Insect Pest Review and the annual reports of the 
Ontario Department of Agriculture. Hadwen (1923) and Hearle (1938) dis- 
cussed the various pests injurious to livestock in Canada, but did not refer 
specifically to Ontario. 

This is a report on a survey conducted in 1957 and 1958 to obtain more 
information on the species of insects affecting livestock in southwestern Ontario, 
their seasonal occurrences, abundance, and hosts. Southwestern Ontario (Fig. 
1), which is centered at 43° 30’ N latitude and 80° 30’ W longitude, can be 
divided roughly into three regions on the basis of agricultural emphasis. Farms 
in the southern portion, i.e., the counties of Essex, Kent, Lambton, Middlesex, 
Elgin, Norfolk, and Haldimand, specialize in cash crops. The Niagara peninsula 
is one of Canada’s most important fruit growing regions. Farms in the remaining 
counties practice mixed farming. It was in this region, where the raising of live- 
stock constitutes a large portion of the farm economy, that the survey was con- 
ducted. The 1951 census of Canada showed that in the survey area, the 44,479 
occupied fzrms over ten acres and averaging approximately 149 acres had 88,520 
horses, 582,274 cattle older than one year, 127,016 sheep and lambs, 2,727,467 hens 
and pullets older than six months, and 877,864 swine. 

Livestock were examined on five per cent of the farms in certain of the 
townships in the survey area (Fig. 1). The farms were chosen at random from 
the tax rolls of the townships concerned, only farms of over 25 acres being con- 
sidered. Twelve townships, randomly selected from the total of 121, were 
surveyed in 1957. Since no advantages were apparent in a survey of such widely 
scattered tow nships, only seven in the vicinity of Guelph were survey ed in 1958, 
the farms in them being typical of those throughout southwestern Ontario. 

In the two years, 328 farms were surveyed by the following procedure: 

1. The number of livestock on each farm was recorded. 

2. The farmer was questioned concerning his attitude toward livestock pests, 
the particular problems he had encountered, and the contro] measures, if any, he 
had used. 

3. A representative number of livestock on the farm were examined. 

Except for poultry, at least 10 per cent of the livestock were examined. As 
previous observations (unpublished) had shown that ectoparasites were fairly 
evenly distributed within poultry flocks, approximately five per cent of the birds 
were examined. Methods of examining livestock and assessing insect abundance 
are dealt with in appropriate sections. 


Horn Fly, Siphona irritans (Linnaeus) 
The numbers of horn flies were counted or estimated, depending on the 
numbers present, on at least 20 per cent of the cattle on each of 174 farms during 
July and August in 1957 and 1958. The results, based on the examination of 
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Fig. 1. Map of southwestern Ontario showing the townships in which the survey was 
conducted in 1957 (shaded) and 1958 (cross-hatched). 


920 cattle, showed that beef cattle had higher populations of horn flies than dairy 
cattle, due, in part, to the greater use of insecticides for fly control on of 
cattle (Fig. 2). Approximately half of those examined were dairy cattle. Dual- 
purpose animals were considered as either dairy or beef cattle, depending upon 
their primary value to the farmer; doubtful cases were considered to be beef 
animals. Young animals of dual-purpose breeds were placed in the same class 
as their dams. 


Approximately 56 per cent of the farmers questioned said that they regularly 
applied insecticides to their cattle for fly control. The formulations used were 
as follows: Dusts: methoxychlor, 40 farms. Sprays: (1) methoxychlor (over 
5°) and pyrethrins and/or butoxypolypropylene glycol, 6 farms; (2) methoxy- 
chlor (less than 3%) and pyrethrins and/or organic thiocyanates, in some cases 
with butoxypolypropylene glycol, 21 farms; (3) Pyrethrins and organic thio- 
cyanates and/or butoxypolypropylene glycol, 26 farms; (4) DDT, 4 farms. 


Cattle treated with the higher concentrations of methoxychlor had fewer 
than 25 horn flies per animal. Most animals examined within a week of such 
treatment were free of horn flies. 


In addition, horn flies on animals of three herds near Guelph were counted 
twice weekly from May to October in 1958. Herd A consisted of 25 grade 
Shorthorns of various ages, of which four cows and three yearlings were 
examined. Herd B comprised five cows and five yearling heifers of undeter- 
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Fig. 2. Numbers of the horn fly, Sipbona irritans L., on beef and dairy cattle in south- 
western Ontario during July and August, 1957-58, according to whether the farmers had 
applied insecticides against the pest. 
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mined breed, all of which were examined. In herd C, four of 20 two-year-old 
Holstein heifers were examined. No insecticides had reportedly been used on 
these animals. Except for the cows in herd B, that were milked, all of the animals 
were on pasture continually throughout the summer. Horn flies began appearing 
on animals in the three herds in the latter part of May, reached maximum numbers 
in early August, and were almost gone early in October (Fig. 3). 

Daily minimum temperatures appeared to influence the numbers of horn flies 
found on the cattle. A rapid increase in numbers in the first week of June was 
halted on June 12, when the minimum temperature fell from 50° to 39° F. 
Minimum temperatures remained near 40° F until the end of the month. Mini- 
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Fig. 3. Seasonal fluctuations in numbers of the horn fly, Siphona irritans L., on cattle 
in three herds near Guelph, Ontario, in 1958. 


mum temperatures were consistently between 50° and 65° F. in July and early 
August, and during the latter half of August were generally below 50° F., 42° F. 
being recorded on August 26. The wide fluctuations in numbers durin 
September were associated with minimum temperatures of 40°, 42°, 37°, and 
45° F. on September 2, 9, 12, 19, and 22, respectively. The seasonal occurrence 
of horn flies would appear to be about normal, judging from the similarity, except 
for June, of daily mean temperatures in 1958 to those of the 58-year average. 
The fact that daily mean temperatures in June were 5° F., lower than the long- 
term average, might explain the failure of horn flies to increase their numbers 
through most of the month. 
, 


Horse Flies and Deer Flies, Tabanidae 


Horse flies and deer flies were collected whenever possible during the survey 
to determine the species present. To determine the periods when the adults 
occurred and their comparative abundance, collections were made in 1958 on a 
farm near Guelph and on one near Erin; tabanids were known to be abundant 
on these farms. On the Guelph farm, Tabanus spp. were trapped in a dark- 
green panel truck; at Erin, Chrysops spp. were netted. Twenty-eight species 
and four sub-species of Tabanidae were collected during their flight season of late 
May to September and the comparative abundance of 22 of these species and 
sub-species collected on the Guelph and Erin farms were determined (Fig. 4). 

Evidence obtained from collections from localities other than Guelph, in- 
dicated that Tabanus quinquevittatus Wiedemann outnumbered T. lasiophthalmus 
Macquart; otherwise, the comparative abundance as determined appeared 
accurate. Chrysops spp. varied greatly in abundance between areas. C. univit- 
tata Macquart, the most abundant species at Erin, was not found near Guelph, 
twenty miles away. C. geminata Wiedemann was second in numbers only to C. 
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Fig. 4. Seasonal occurrences of adults of some Tabanidae in southwestern Ontario and 
their comparative abundance based on collections made at Guelph and Erin in 1958. 
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vittata Wiedemann in a wooded swamp near Doon, the only locality from which 
the former species was collected. 

Two observers, alternating their attention between two cows on the farm 
near Guelph, counted the number of tabanids biting in four 15-minute periods, 
at weekly intervals from June 18 to — 22. Both cows were among the most 
heavily attacked in the herd of 25 grade shorthorn animals. 

The maximum and mean biting rates on one cow were 101 and 38 bites per 
hour, and on the second, 148 and 91 bites per hour. Eighty-two per cent of the 
bites were inflicted by Tabanus spp. During each observation period the two 
cows, a roan and a grey, received note eas the same number of bites from 
Chrysops. The grey cow, however, consistently was more frequently bitten by 
Tabanus. This was apparently not due to hair colour, for less precise observa- 
tions of the numbers attacking a second grey cow in the herd showed that it 
received approximately the same number of bites as the roan. 

Although not counted, the tabanids that landed on these two animals without 
biting were estimated to be more numerous than those recorded as biting. 
Observations on the disturbed reactions of the cows to such flies, indicated that 
more harm is caused animals in this way than by biting. 

The relative abundance of tabanids was not determined on every farm since 
no method is available for doing so other than prolonged collecting and observa- 
tions. However, horse flies and deer flies appeared to be as abundant on many 
farms as on the two cited. Such farms contained, or were adjacent to, large 
swampy areas, conducive to the breeding of most species of Tabanidae. 


Black Flies, Simuliidae 

When the opportunity occurred, cattle were examined for black flies and 
evidence of their effects. Simulium vittatum Zetterstedt and S. venustum Say 
were the only cattle-biting species collected. The former species was taken only 
from the ears, the latter from the general body surface. Animals were examined 
whose inner ear surfaces were covered with dried blood and contained as many 
as eight engorging specimens of S. vittatum. The udders of some cows were 
densely spotted with blood, presumably from spe | bites. These observa- 
tions were made during the latter part of May and early June, 1957, in Guelph 
and Eramosa townships, on farms situated within half a mile of known breeding 
streams. 


Mosquitoes, Culicidae 
The following species of mosquitoes were collected from cattle, a, 
in the spring: Aedes canadensis (Theobald); A. cinereus Meigen; A. fitchii (Felt 
and Young); A. punctor (Kirby); A. stimulans (Walker); A. trichurus (Dyar); 
and A. vexans (Meigen). Some specimens of A. canadensis, A. stimnulans, and 
A. vexans were engorged when collected. 


Other Flies Affecting Pastured Cattle 

Other species of flies found resting on pastured cattle were the stable fly, 
Stomoxys calcitrans (Linnaeus); Musca autumnalis De Geer; the house fly, M. 
domestica Linnaeus; and the little house fly, Fannia canicularis (Linnaeus). 
Some calliphorids and sarcophagids were also observed landing on cattle for short 
periods. 

The seasonal abundance of muscoid flies on cattle was determined by the 
method used for horn flies (Fig. 5). The number of flies resting on animals 
varied considerably between farms, even those located close to one another, e.g., 
on August 18, 1958, the average fly counts per animal on two farms in Guelph 
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Fig. 5. Seasonal abundance of muscoid flies other than horn flies on pastured cattle in 
southwestern Ontario, 1957-58. 


township, not practising fly control, were 45 and 3. The maximum number of 
120 flies was estimated to be on one animal at the first farm. Extensive collecting 
of flies from these animals yielded only M. autumnalis. 

Unable to bite, M. autummnalis feeds on the serous discharges from the body 
of the animal, particularly those from the eyes and nose. It was not uncommon 
to see the entire margin of the eyes crowded with these flies. Flies were fre- 
quently seen to imbibe blood exuding from wounds made by the bites of horse 
flies. The cattle were disturbed and frequently stopped grazing to shake their 
heads and rub against other animals in an attempt to dislodge the persistent pests. 


Cattle Grubs 

Since the inception of the Ontario Warble Fly Control campaign in 1948, 
261 townships in 33 counties have participated. Prof. W. C. Allan (in litt.), 
Ontario Agricultural College, Guelph, reported that examination of young cattle 
in 73 townships enrolled in the campaign in 1958 showed an average infestation 
of 1.04 grubs per animal. Dr. A. A. Kingscote (in litt.), Ontario Veterinary 
College, Guelph, reported an average of 7.4 grubs per animal on 463 young cattle, 
in 1957, in Halton County, which is not included in the campaign. In 1958, the 
author examined cattle on 39 farms in Halton County during the latter half of 
April. Thirty-five per cent of 557 breeding cattle were infested, the average 
being 3.1 grubs per infested animal and 72 per cent of 291 cattle under three years 
old were infested, the average being 12.9 grubs per infested animal. 

All of the grubs examined were of Hypoderma bovis (Linnaeus). Baker 
et al. (1950) similarly noted an almost complete absence of H. lineatum (De 
Villers) in southwestern Ontario. 


Cattle Lice 
Cattle, principally dairy animals, were examined for lice on 70 farms. Some 
cattle on 43 of the farms were infested with lice, but in all cases the infestations 
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TABLE | 
Summary of infestations of the sheep ked, Melophagus ovinus (L.), 





on lambs in central and southwestern Ontario, 1957-58. 





} 


| ¥ - 
Number of No. of No. of No. of keds 











Date flocks animals animals | l 
represented | examined | _ infested Mean | Maximum 

May-June ‘he 15 iia 8 23 
July-Aug. 9 62 39 3 21 
Sept.-Oct. 13 58 40 5 68 
Nov.-Dec. 7 42 34 13 | 90 
Jan.-Feb. 7 33 25 21 50 
Mar.-Apr. 7 30 29 16 82 

| 








‘Keds counted in five minutes while the observer parted the fleece on all surfaces of the body. 


were light. The cattle biting louse, Bovicola bovis (Linnaeus), was found on 
cattle on 22 farms; the long-nosed cattle louse, Linognathus vituli (Linnaeus), on 
17 farms; the little blue louse, Solenopotes capillatus Enderlein on nine farms; and 
the short-nosed cattle louse, Haematopinus eurysternus (Nitzsch), on three. 

Most farmers said that lice were present on some of their cattle every winter. 
In contrast to their attitude regarding most other livestock insects, farmers > 
peared aware of the possible deleterious effect of cattle lice and were ever ready 
to contro] these pests. The lack of any but light louse infestations and the 
relatively low number of farms on which cattle were infested supported this 
observation. 


Sheep Ked, Melophagus ovinus (Linnaeus) 


Because sheep are raised on only a few farms in the survey area and are often 
difficult to catch for examination, inspection for insects was conducted primarily 
at abattoirs in Guelph and Toronto and at the Ontario Stockyards in Toronto. 
Since many of the sheep entering the Toronto establishments were from eastern 
Ontario, and it was impractical to exclude these animals from examination, the 
area of the survey was thereby increased to extend from Peterborough to Lake 
Huron, and from Guelph to the Muskoka Lakes district. Approximately 90 
per cent of the sheep examined were less than a year old. 

The seasonal occurrence of the sheep ked was studied by examination of 240 
lambs between May, 1957, and April, 1958, The heaviest infestations occurred 
in January and February (Table I). Also, 35 ewes and rams were examined, 20 
being infested with keds. Counts averaged 10 keds per animal. Two sheep 
yielded counts of 77 and 80 keds. 


Sheep Bot Fly, Oestrus ovis Linnaeus 


The heads of 457 slaughtered sheep and lambs were examined for infestation 
of the sheep bot by cutting the heads in half lengthwise and counting the larvae 
visible on gross dissection of the frontal sinuses and nasal passages. Three 
hundred and fifty-nine, or 70 per cent, were infested (Table II). 

The sheep bot fly is capable of completing at least two generations each 
year. Most sheep examined from July onward were spring lambs of 1957. 
Mature third stage larvae extracted from these lambs in July, pupated and 
completed their development to the adult in a month, thus allowing sufficient 
time before cold weather to deposit their offspring. Larvae deposited by females 
of the summer generation are undoubtedly responsible for the increase in the 
number of first stage larvae in animals autopsied in September; these larvae 
representing the commencement of a winter generation. 
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TABLE II 


Infestations of sheep with the sheep bot fly, Oestrus ovis L., in 
central and southwestern Ontario, 1957-58 




















| 
No. of No. of Mean no. | Percentage of bots in 
Month animals animals | of bots per | ee 
examined | infested infested 
animal Instar 1 Instar 2 Instar 3 

May 16 12 3 44 28 28 
June 18 10 4 10 60 30 
July 55 25 7 60 16 24 
August 76 50 5 36 7 57 
September 28 28 24 99 1 0 
October 15 15 27 | 100 0 0 
November | 41 38 26 99 1 0 
December 30 20 | 30 99 1 0 
January 43 30 18 95 5 0 
February 8 8 19 93 7 0 
March 60 52 14 85 9 6 
April 6/ 55 18 58 13 30 
Total or 

average 457 359 17 





Sheep Lice 
During the examination of sheep and lambs for keds, attention was paid to 
possible rm Hot of sheep lice. None of the 240 animals examined were found 
to be infested. Dr. D. J. Campbell (personal communication), Ontario Veter- 
inary College, Guelph, stated that Ontario sheep are commonly infested with 
lice. The reasons for these contrasting observations is not known. 


Goat Lice 


Light to medium infestations of lice were carried by four of the five goats 
examined during the survey. The goat biting louse, Bovicola limbatus (Gervais), 
was found on all four infested goats, and the sucking louse, Linognathus stenopsis 
(Burmeister), was present on two. 


Poultry Ectoparasites 


One or more species of ectoparasites were taken from birds on 70 per cent 
of the 132 farms examined. The incidence of flock infestation with ectoparasites 
was: shaft louse, Menopon gallinae (L.), 50 flocks; fluff louse, Goniocotes gallinae 
(De G.), 28; chicken body louse, Menacanthus stramineus (Nitz.), 22; wing 
louse, Lipeurus caponis (L.), 11; chicken head louse, Cuclotogaster heterograpbus 
(Nitz.), one; chicken mite, Dermanyssus gallinae (De G.), 61; and the northern 
fowl mite, Bdellonyssus sylviarum (C & F), one flock. 

The infestations were classified as light, medium, or heavy. The definitions 
of the categories, and the percentages of flocks in each category were: Light: 
lice visible only after numerous partings of feathers, 50 per cent; mites present in 
small numbers and in only a few of possible places of concealment, 35 per cent. 
Medium: lice visible on most partings of feathers, 36 per cent; mites present in 
small numbers in all readily accessible places of concealment, 24 per cent. 
Heavy: several lice visible on all partings of feathers, 14 per cent; mites packed 
tightly in all places of concea!ment, 41 per cent. 

Ectoparasites were most commonly found on older birds and those that 
were housed. In no case were pullets on range infested. Housed pullets were 
infested in only two instances and these were light infestations of chicken mites; 
the mites had ev idently come from laying hens that had previously been housed 
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in the buildings. On many farms hens that had the run of the yard bore no lice, 
or very light infestations. Almost all farms where the raising of poultry pro- 
duced the largest portion of the income were free of ectoparasites. 

Thirty-four per cent of the farmers raising poultry indicated that they used 
some form of control against ectoparasites. he insecticides were: nicotine 
sulphate (15%), various types of aa roosts (12%), malathion (3%), DDT 
(2%), rotenone (2%). There is some doubt, however, as to how much these 
products are actually used, for poultry ectoparasites were noted on 75 per cent 
of the farms reportedly using control measures. 

Reports on infestations of Ontario poultry establishments with the European 
chicken flea, Ceratophyllus gallinae (Schrank), appear periodically in The Can- 
adian Insect Pest Review. No infestations of this pest were found during the 
survey. 


Hog Louse, Haematopinus suis (Linnaeus) 


Animals on 195 farms were examined for the hog louse. Infestations were 
noted on 43 per cent of these farms. Lice were observed on 53 per cent of the 
133 farms that had sows, and on 11 per cent of the 139 farms that had market 
hogs, i.e., hogs that had been weaned. Twenty boars were examined and 75 per 
cent were infested. Not all of the animals on a farm on which lice were observ- 
ed were infested. 

Counts of lice on 94 sows showed that 68 had 1 to 20 lice each; 20, 21 to 50 
lice; and 6, 51 to 90 lice. The number on seven of eight boars ranged between 
5 and approximately 150; the eighth boar had an infestation that was estimated 
to be in the thousands. 

In response to questioning regarding control measures, 27 farmers said they 
applied used motor oil, six used rotenone, one methoxychlor, and one a lindane 
dip. 

Horse Bot Flies, Gasterophilus spp. 

In co-operation with an abattoir in Elmira, Ontario, 109 horses were examined 
between December 9, 1957, and November 25, 1958, for infestations of horse bot 
flies. All the horses originated in the locality of Elmira. Seventy-six horses, or 
70 per cent, were infested, 69 with the horse bot fly, G. intestinalis De Geer, and 
37 with the throat bot fly, G. nasalis (Linnaeus). 

Excluding the months of May to September, when infestations were low 
because of the dropping of bots, 80 per cent of the horses were infested. The 
number of bots averaged 65 per animal, and ranged as high as 219 in a horse 
slaughtered in April. 


Myiasis-Producing Flies 

No cases of myiasis in livestock were reported during the survey, despite 
persistent questioning. Two cases were brought to the author’s attention from 
other sources: one in the head of a steer, presumably resulting from infestation 
of a dehorning wound, and one in the breech of a sheep. From larvae removed 
from the wound in the sheep, 823 adults of Phormia regina (Meigen), 59 of 
Protophormia terranovae (Robineau-Desvoidy), and four of Lucilia illustris 
(Meigen), were reared. 

Although the importance of myiasis-producing flies in southwestern Ontario 
appeared to be negligible, a trap was baited with cattle entrails, blood, and liver, 
and placed on a typical farm near Guelph. Trap collections were made one day 
each week from April 21 to October 22 in 1958. The numbers and species of 
Sarcophagidae and Calliphoridae trapped and their seasonal occurrences are 
shown in Fig. 6. 
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NUMBER 
(OF FLIES, 
MAY | JUNE | JULY | AUG. | SEPT. | OCT. | CAUGHT 
Phormia regina (Mg.) 7 4962 
Protophormia terrae novae (R.D.) oe 272 
Cynomyopsis cadaverina (R.D.) SS —E 125 
Calliphora livida Hall —— 22 
Calliphora vicina R.D. 75 
Calliphora vomitoria (L.) 15 
Calliphora terrae novae (Macq.) —— = 3 
Phaenicia sericata (Mg.) | 1933 
Lucilia illustris (Mg.) 490 
Sarcophaga reversa Ald. 
Sarcophaga haemorrhoidalis (F in.) 
Sarcophaga I"herminieri (R.D.) 4 - 
Sarcophaga falculata Pand. 
Sarcophaga nearctica Park 























Fig. 6. Seasonal occurrences and comparative abundance of some Calliphoridae and 
Sarcophagidae on a farm near Guelph, Ontario, in 1958. 


House Fly, Musca domestica (Linnaeus,) and Siable Fly, 
Stomoxys calcitrans (Linnaeus) 

Both the house fly and the stable fly are common in farm buildings in On- 
tario. Time did not permit thorough separation of the two species on each 
farm surveyed, but collections made on many farms and close observation of the 
flies on others suggested that approximately 90 per cent of the flies in stables were 
house flies. 

Several methods of estimating fly populations in farm buildings were tried 
during the survey, including the use of a modified Scudder grid, 18 inches square, 
placed over concentrations of flies; counts of flies resting on uniform areas of 
walls and stanchions; and counts of flies on animals. The first two methods were 
not satisfactory because variation in farm buildings construction caused unequal 
fly distributions within the buildings, e.g., high counts sometimes occurred from 
small aggregations of flies near the few windows in inadequately illuminated 
buildings. Although not meeting the above objections completely, the counts on 
animals were preferable since they gave a better indication of the survey objec- 
tive. Because of the great variations in size of animals and the difficulties in- 
volved in counting flies on animals that are moving about with others in a pen, 
the infestations were rated as light, medium, or heavy on the basis of approximate 
ranges of 0-50, 51-150, and over 150 flies per animal. Under the varied cir- 
cumstances, this was considered to be the most accurate index of fly abundance 
that would also allow a comparison between farms. 

The fly populations on 111 farms were assessed between June 4 and October 
2 in 1957 and between July 2 and August 18 in 1958. Forty-six farms had light 
fly populations, 35 medium, and 29 heavy. Most of the counts were made on 
hogs. Comparable counts on cattle were few, since cattle were not stabled 
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during the daytime when the survey was conducted. Cattle on nine of 11 farms 
without hogs had light infestations of house and stable flies; those on the tenth 
had a medium infestation and those on the eleventh a heavy one. 

Cleanliness of barn and barnyard was indirectly related to abundance of flies. 
In all cases of heavy fly populations, the hog pens were wet and dirty and there 
were large accumulations of manure in the barnyard. 

Malathion baits were by far the most popular control measure for these flies. 
Farmers occasionally used residual sprays on the walls. It was evident that such 
control measures were of little value when breeding materials were allowed to 
remain. 


Discussion 


The insects and mites reported upon here are potential roblems for farmers 
across Canada and, to a greater or lesser extent, are real pro lems for the farmer 
in southwestern Ontario. The life-histories of many of them, e.g., cattle grubs, 
cattle lice, hornflies, and house flies, have been well studied and methods for their 
control have been developed (Scharff, 1950; Matthysse, 1946; McLintock and 
Depner, 1954; West, 1951). Publicity given to the effect of cattle grubs and 
cattle lice on livestock and to the measures that may be used for their control 
has resulted in low populations of these pests. The housefly, despite compara- 
tively complete knowledge of its life-history and well publicized control methods, 
was abundant on many farms. Control of adult house flies was attempted on 
most farms but in only a few instances were measures taken to control the breed- 
ing of this fly by proper sanitation or the application of insecticides. It is pos- 
sible that the insecticides in use have lost their effectiveness against this insect 
due to the appearance of resistant flies. 

The Seer importance of the sheep bot fly, O. ovis L., M. autumnalis 
De G., and tabanids as pests of livestock in southwestern Ontario had not been 
suspected. The heavy infestation of on with the sheep bot fly that was 
observed is supported by the study of Fallis (1940). In the course of a year 
he examined 698 lambs received at a Toronto abattoir from scattered points in 
Western Canada and Ontario and reported 50 per cent were infested; 90 per cent 
of the older lambs examined between August and April were infested. Fallis did 
not distinguish between Ontario and Western Canadian sheep. Since few lambs 
are received from Western Canada during the winter months, it is probable that 
the 90 per cent infestation level was more representative of that in sheep in On- 
tario at that time. The economic importance ‘of the sheep bot fly is not known. 

Musca autumnalis is a new pest of livestock in eastern Ontario. It was first 
collected in Canada from Nova Scotia in 1952 (Vockeroth, 1953). It has since 
been found in Prince Edward Island and Bedford, Quebec (MacNay, 1957), and 
the Ottawa and Stratford areas in Ontario (C. G. MacNay, Research Branch, 
Ottawa, in litt.). From observations made during the survey and the number of 
inquiries received from farmers, the species is probably well distributed through- 
out southern and eastern Ontario. The species also appears to be well distributed 
throughout northeastern United States, as far south as Virginia, and west to 
Illinois (Co-op. Economic Insect Report 9, 1959). Not uncommonly, fifty flies 
per animal were reported. b 

Bruce and Decker (1951) have reported that tabanids cause significant 
production losses in cattle. They discussed populations that were similar to those 
found on many farms in southwestern Ontario. Although 32 species of tabanids 
were recorded during the survey, those species that attack livestock were not 
determined. A study to determine these species and their life histories is now 
in progress at this laboratory. 
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The species of mosquitoes and black flies affecting livestock and their seasonal 
occurrences, abundance, and hosts was not fully determined. Two species of 
black flies and several of mosquitoes were collected from cattle. Attention was 
to be given to these pests during the second year of the survey but this was pre- 
vented by low populations. Since these biting flies are important pests of animals 
elsewhere in North America, the need for further studies in Ontario is indicated, 

It was concluded from conversations with many farmers and from the con- 
dition of their animals that, in general, they were ill-informed about insects 
affecting livestock. Being ill-informed, they do not note infestations of pests 
producing no visible damage to their animals. For example, the nervousness and 
escape responses of cattle produced by flies are not frequently noted since the 
cattle are on pasture for much of the day. On numerous occasions farmers ex- 
pressed surprise and showed concern when it was demonstrated their animals 
were infested with other pests. In contrast, most farmers are aware of prob‘ems 
caused by cattle grubs and cattle lice because publicity given these pests, in con- 
junction ‘with the closer scrutiny farmers can give their cattle in the winter and 
spring when evidence of their infestation is visible, has probably resulted in their 
effective control. Specialization in livestock production has promoted a better 
understanding of the value to be gained by the control of the insects and related 
parasites affecting livestock reported earlier. Large poultry farms have fewer 
and less serious infestation of ectoparasites while larger pure-bred herds inv ariably 
have few hornflies affecting the cattle. 
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Identification of First-Instar Aedine Mosquito Larvae of Minnesota 


(Diptera: Culicidae)'* 
By Rocer D. Price 
Department of Entomology and Economic Zoology 
University of Minnesota, St. Paul 


The emphasis in mosquito identification has been centered for the most part 
on the fourth-instar, or mature, larval stage and on both sexes of the adult forms. 
Some stress in recent years has been placed on pupal and egg morphology; how- 
ever, as pointed out by Bohart (1954) and others, in comparison with the vast 
amount of literature on these stages, the amount of work published on the 
identification of early-instar mosquito larvae has been relatively slight. Regard- 
less of the reasons for this, it would be, for instance, of immeasurable value to a 
person studying mosquito ecology to be able to identify directly to species any 
larval stage of the mosquito that he might collect. It is hoped that this paper, 
even though limited to Minnesota Aedes, will contribute further to the abili 
to recognize first-instar Aedes larvae and that it will serve as an added stimulus 
to workers in other geographical areas to collect and assimilate materials in a 
similar manner. 

The only comparative works known to this author involving the discussion 
of a number of species of first-instar Aedes larvae are those of Marshall (1938), 
Dodge (1945), and Bohart (1954). Marshall (1938), in his work on the British 
mosquitoes, describes, illustrates and keys the first instar Aedes of 11 species. 
Five of these species (Ae. cinereus, communis, dorsalis, punctor, and vexans) 
occur in North America; all five occur in Minnesota. Dodge (1945), as a portion 
of his doctoral dissertation upon mosquito larvae, discusses the first stage of 17 
— of North American Aedes. Seven Minnesota species are described and 
illustrated (Ae. atropalpus, canadensis, dorsalis (?), nigromaculis, triseriatus, 
trivittatus, and vexans). In the most recent work on first-instar Aedes, Bohart 
(1954) presents an excellent paper with a illustrations, and keys to 
14 species of California Aedes. Of these, only six occur in Minnesota (Ae. 
communis, dorsalis, fitchii, nigromaculis, sticticus, and vexans). A number of 
other papers of more limited scope have been published; of these only two des- 
cribe first-instar aedine larvae found among the Minnesota species, namely, 
that of Hearle (1929) on Ae. flavescens and that of Abdel-Malek (1949) on Ae 
trivittatus. 

To sum up what is known to date about first-stage Minnesota Aedes, 13 
species have been observed and described to some extent by other workers. 


1Paper No. 4232, Scientific Journal Series, Minnesota Agricultural Experiment Station, St. Paul 1, 
Minnesota. 
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Marshall’s drawings, while of good quality, do not show all of the desired details 
pertinent to identification, such as the primary and secondary sclerotized rings 
of che siphon. In addition, the degree of agreement between the European and 
North American forms should be established before accepting the former as also 
representative of our fauna. Dodge’s descriptive work on individual species has 
nct been published, so, for all practical purposes, his descriptions are not readily 
available to the mosquito worker. There are accessible, then, in the literature 
descriptions of a total of only eight of the Minnesota Aedes based on first-stage 
larvae of North American origin. 

In the latest information on the mosquitoes of Minnesota, Barr (1958) lists 
26 species of Aedes indigenous to the state. Of these species, the present author 
has on hand material collected in Minnesota representing the first-stage larvae of 
16 species; through the kindness of Dr. Richard M. Bohart of the University of 
California at Davis, California, material of two additional species (Ae. fitchii and 
Ae. nigromaculis) was made available for study; adding to these species the des- 
cription of Ae. flavescens from the literature, a total of 19 of the 26 species can 
be considered in this paper. Ae. communis, dorsalis, sticticus, trivittatus, and 
vexans, although adequately described elsewhere, are redescribed here on the basis 
of Minnesota specimens. Ae. nigromaculis and fitchii, previously described by 
Bohart (1954), are redescribed here from California material supplied by Dr. 
Bohart. Ae. flavescens is included here solely on the basis of its published 
description by Hearle (1929). The descriptions of 11 species based on North 
American specimens are believed to be given here for the first time; these species 
are Ae. atropalpus, barri, canadensis, cinereus, diantaeus, excrucians, intrudens, 
punctor, stimulans, trichurus, and triseriatus. Of the seven omitted species, Ae. 
aurifer, pionips, riparius, and campestris are very rare in Minnesota, having been 
encountered eyen in the more commonly identified stages on exceedingly few 
occasions. Ae. spencerii and implicatus are spotty~in distribution; Ae. abserratus 
has been abundant at times in certain forested regions, but very scarce the past 
few years, at least in areas visited by this writer. In view of the rarity, for the 
most part, of these seven species, it 1s felt that their absence from this work does 
not detract significantly from the usefulness of the key presented. It will be 
admitted that it would be best to have included them here, but the 19 species 
described are of sufficient merit to enable virtually every first-stage Aedes usually 
collected in Minnesota to be identified. Furthermore, the knowledge that these 
19 species now have been described for a northern area such as Minnesota may 
add impetus to collecting of additional species in this stage by other workers in 
the northern United States and southern Canada, as well 2s elsewhere; eventually, 
it is hoped, the ability to identify earlier instars of mosuito larvae will take its 
proper perspective in relation to the ability to identify the other stages. 

Specimens for the most part were collected in Itasca State Park, Clearwater 
County, Minnesota, a coniferous and deciduous forest region lying in the north- 
western quarter of the state. The author has been conducting a study of the 
spring Aedes there for the past three years and this has given ample opportunity 
to collect most of the larval stages of a number of the species of this genus. 
Identification of the first stage to species in many instances has been made as 
follows: larvae of all available stages were collected from a large number of 
habitats and preserved for later identification both to species and to instar; each 
habitat was visited at periodic intervals during the time of larval and pupal 
development; in the course of this type of collecting, occasionally certain habitats 
were found to yield essentially pure cultures of one or another species of Aedes; 
by tracing backward in time within a single habitat from the identification of 











546 THE CANADIAN ENTOMOLOGIST Ju'y 1960 
emerged adults and fourth-instar larvae, then to third instar, and so forth, it was 
possible to associate the first-instar larvae with a positive identification. Although 
this method may be open to criticism, it is felt that, through careful selection of 
habitat and association of stages, proper identifications have been made. The 
homogeneity of series within species, as well as good agreement with previous 
descriptions, tends to confirm the correctness of this assumption. 

The larvae were killed in hot water shortly after collection and stored im- 
mediately in 70 to 80 per cent ethyl alcohol. When being prepared for mount- 
ing, each larva was placed in 95 per cent ethyl alcohol. After remaining there 
for a short time, the terminal segments were gently separated from the body and 
these two portions were transferred by loop directly to beechwood creosote for 
five minutes or so, the time there apparently not being too critical. When the 
larva was ready to mount, a small drop of Canada balsam was placed on a slide; 
then several small loopfuls of creosote were placed in the center of this drop. 
The larval pieces were transferred to this creosote-diluted central area, oriented 
properly, and covered with a 12-mm. circular coverslip propped up with some 
small pieces of broken coverslip. When the balsam is diluted with creosote in 
this fashion virtually no shock or resultant distortion of the larva is encountered 
and excellent mounts result. This method differs from that of Bohart (1954), 
but either method is believed to be relatively rapid and easily performed. 

A detailed review of the characteristics of the first-instar Aedes larva is not 
necessary here since the subject has been amply discussed and illustrated by 
Bohart (1954). In species diagnosis as much emphasis as possible is put on the 
lateral view of the terminal segments. Such points as length and branching of 
certain of the pentad hairs of abdominal segment VIII, the shape and number of 
the comb scales on that segment, the shape and number of the pecten teeth and 
their arrangement in relation to the insertion of the siphon hair, the siphon ratio, 
the extent of the areas covered by the primary and secondary sclerotized rings 
of the siphon, the branching of the siphon hair and of the lateral hair on the anal 
segment, and the position of the dorsal preapical bristle on the siphon are all 
found useful. Even though the terminal segments give many of the characters 
essential for separation of species, in certain instances it is necessary to resort to 
features of the head, such as the length and spiculation of the antenna, the length 
of certain terminal appendages of the antenna, and the alignment of the points of 
insertion of the upper, lower, and postclypeal head hairs. 

For a generic key to first instar mosquito larvae of the United States, the 
reader is referred to Dodge (1946). Since the differentiation of Aedes from the 
other genera is a relatively simple matter, reference to the above key or to a 
more abbreviated key such as that of Bohart (1954) should suffice. Abstractions 
from the above keys show that Aedes have a pecten present, the anal segment 
with a small dorsal saddle, the comb scales numbering more than three and placed 
in a single row, the egg-burster sharply pointed, and the siphon with only a single 
pair of ventral hairs. 

To simplify the preparation of plates, pertinent hairs and other structures will 
be labelled only in Fig. 1. It should be noted here that in the figures of the 
terminal segments the primary sclerotized ring of the siphon and the anal saddle 
are not darkened, even though they represent the most heavily sclerotized 
regions. Also, the dorsal hairs of the anal segment are not shown to their full 
length, which is often two to three times that of the portion shown. The heads 
of the different species are all drawn to the same scale, but this is not true of the 
other illustrated parts. In the following descriptions, a general reference to 
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branching of head hairs is limited to include only the postclypeal, lower, upper, 
and preantennal head hairs. Reference to alignment of the hairs refers, of course, 
to that of their points of insertion. Mean values (X) for comb-scale and pecten- 
tooth numbers are given in parentheses following the ranges. The siphon ratio 
is the ratio of the length of the siphon to its width at the point of insertion 
of the siphon hair. The antennal ratio is the ratio of the length of the antenna 
to the length of the mid-line of the head. 


Key to First-Instar Aedine Larvae of Minnesota 


nN 


1. Two or more pecten teeth located distad of the insertion of the siphon hair_. 
Siphon hair or tuft inserted beyond the pecten, or sraianiionnitd one een tooth 
beyond, or level with, the point of insertion _____ 3 
Usually four or five pecten teeth beyond insertion of siphon tele, pentad hair 3 
conspicuously longer and stouter than other pentad hairs; primary sclerotized 
ring of siphon much longer than its diameter (Fig. pea... : trichurus 
No more than two or three pecten teeth beyond insertion of siphon ‘hair; pentad 
hair 3 same as other pentad hairs; primary sclerotized ring of nate much shorter 


nw 


than its diameter (Fig. 2) - Ae Eek eRe ete HERS _.atropalpus 
3. Siphon hair branched on one or both sides Pe atthe Sart eee Rae AT nee 
Siphon hair unbranched on both sides — ; ; ae, 


4. Lateral hair of anal segment branched, usually athe | or wipes, onnnttent hairs 3 
and 4 shortened, approximately half length of antennal hair 2; antenna glabrous 
(Fig. 17) PS eas be A Bates 2S _..... triseriatus 

Lateral hair of anal segment simple antennal hairs 2, 3, ‘and 4 long, of equal a 
antenna spiculate - ; 

5. Primary spine of distal pecten ont penenry by 1 a “gradually descending row of 
shorter spines, the longest being two-thirds length of primary _— postcly peal 
hair distinctly posterior to lower head hair (Fig. 5) - = _......... cinereus 

Primary spine of distal pecten tooth followed by a group ‘of small. spines, the longest 
being less than one-third as long as the primary —— ee hair slightly 


anterior to lower head hair (Fig. 18) Spat behaaiae * Te _.... VEXANS 

6. Air tube very long and slender, siphon ratio 6:1 to 7: 1; proximal edge of secondary 
sclerotized ring reaching well over halfway to base of siphon —. 7 

Air tube stouter, siphon ratio not exceeding 5:1; proximal edge of ‘secondary 
sclerotized ring not reaching over halfway to base of siphon, often much less 8 
7. Antennal hairs 2, 3, and 4 very long and virtually of same length (F’g. 1) excrucians 
Antennal ha rs 3 and 4 shorter than antennal hair 2; hair 4 the shortesc (Fig. 8) fitchii 

8. Antenna long and slender, at least four-fifths length of head; comb scale with stout 
long terminal spine and usually only two short stout basal spines (Fig. 7) diantaeus 
Antenna shorter and stouter than above; comb scale not as above rae 
9. Primary sclerotized ring of siphon distinctly shorter than its apical diameter 10 
Primary sclerotized ring of siphon as long as or longer than its apical diameter___....._ 13 

10. Dorsal preapical bristle of siphon inserted near base of primary sclerotized ring 
(Fig. 11) — _.... nigromaculis 
Dorsal preapical bristle of siphon inserted near apex of primary ‘sclerotized ring. 

11. Air tube short, stout, siphon ratio 2:1; secondary sclerotized ring covering less area 
than primary ring; comb scale rounded apically (Fig. 10) Soe ae a AE eS dorsalis 


Air tube longer, siphon ratio about 3:1; secondary sclerotized ring covering more 
area than primary ring; comb scale tapered apically into a prominent terminal 
spine 12 
12. Insertions of upper, lower, and postclypeal head hairs on each side ementially in a 
straight line; distal pecten tooth very slender with long primary ait and several 
much shorter basal spines (Fig. 13) —— ' _. Sticticus 
Insertions of upper, lower, and postclypeal head hairs on each side not in a straight 
line, the lower hair being displaced well latero-anterior to a line through the 
other two hairs; distal pecten tooth broader with relatively short primary spine 
followed by gradually descending series of fragile spines (Fig. 16). _trivittatus 
13. Pentad hair 3 of essentially same length and thickness as other pentad hairs... 14 
Pentad hair 3 much stouter than and almost twice length of the other pentad hairs... 16 
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14. Apical border of comb-scale row concave due to shortened terminal spine on the 
more ~ Wadeaamenn nies antennal hairs 2, 3, and 4 long, of equal length 
is IL: scorsionishiisone-esconseinensningticendanaion -daeitsiiaieiabsdhawtscneinipiinnbiaiaieimieiancsintaitedaialaietd bari 

Apical border of comb-scale row either even or convex with terminal spine similar 
on most scales in row; antennal hairs 2 and 3 he of equal length, with hair 4 
somewhat shorter a 15 

15. Lowest border of secondary sclerotized ring on dorsal side of ‘siphon. “extending 
below first pecten tooth and approximately even with + pecten tooth and 
insertion of siphon hair; comb scale as in Fig. 9D (Fig. 9 tite _intrudens 

Lowest edge of secondary sclerotized ring on dorsal side of ‘an well distad of 
last pecten tooth and insertion of siphon hair; no pecten tooth beyond siphon 





hair insertion; comb scale as in Fig. 14D (Fig. 14) — _flavescens (?) or stimulans 

16. Antennal hairs 2, 3, and 4 long, of equal length; lower head hair inserted distinctly 
anterior to a line through the upper and postclypeal hairs (Fig. 4). canadensis 

Antennal hair 4 shorter, about two-thirds length of hairs 2 and 3; “pee, lower, and 
postclypeal head hairs on each side virtually in a straight “Se tia 17 

17. Comb scale evenly rounded toward apical end with fringe of lateral spines “extending 
basally well cover hallway wo end. (Pap, 12) sn punctor 

Comb scale broadening toward apical end with spines limited to distal third of scale 
(Fig. 6) : eee een Bee eB Ee _.communis 


Aedes excrucians (Walker) 
(Fig. 1) 

Head: Hairs single; upper, lower, and postclypeal hairs essentially in straight 
line on each side. Antennal ratio 3:5 to 1:2. Antennal tuft usually triple but 
occasionally two- or four-branched; antennal hairs 2, 3 and 4 very long and of 
equal length. Antenna spiculate. 

Terminal segments: Comb scales five to nine in number (X = 7.1); in- 
dividual scale with terminal spine of variable length followed on each side by 
series of six or more weaker shorter spines; as in Ae. barri and fitchii, scales at 
ends of row have very long terminal spines; these spines decrease in length as 
scales progress toward center of row, leaving virtually no obvious terminal 
spine in the most centrally -located comb scale. Pentad hair 3 very stout and 
about twice length of other pentad hairs. Siphon very long and slender, having 
ratio of 6:1 to 7:1. Pecten teeth five to seven (X = 5.9). Siphon hair very 
long, single, inserted beyond pecten. 

Comments: Virtually identical with Ae. fitchii, but readily differentiated 
from other Aedes by the very long, slender air tube with the secondary sclero- 
tized ring extending over half way down the siphon. Ae. fitchii apparently has 
antennal hair 4 short, about two-thirds the length of hair 2, with hair 3 being 
intermediate in length between the two; Ae. excrucians, on the other hand, has 
all three of these terminal antennal heirs long and of equal length. 

Specimens examined: Twenty-one specimens collected from four different 
habitats in Itasca State Park, Clearwater Co., Minn., May 7, 1958, April 20, 1959, 
and May 9, 1959, R. D. Price. 





Figs. 1-4. Aedes spp., first-instar larvae. Fig. 1 . A. Terminal portion of antenna: 2, 
inner subapical hair; 3, outer subapical hair; 4, dorsal median terminal hair; 5, hyaline process; 
6, dorsal external finger process. B. Dorsal aspect of left half of head: at, antennal tuft; eb, 
egg burster; lhh, lower head hair; pah, preantennal hair; pch, postclypeal hair; uhh, upper 
head hair. C. Distal pecten tooth. D,. Centrally-located ‘comb scale; Dz. Comb scale at end 
of row. E. Terminal segments; Segment VIII — 1-5, pentad hairs; cs, comb scales. Siphon — 
dpb, dorsal preapical bristle; p, pecten teeth; psr, primary sclerotized ring; sh, siphon hair; 
ssr, secondary sclerotized ring. Anal segment — ap, anal papilla; as, anal saddle; dh, dorsal 
hairs; lh, lateral hair. Figs. 2-4. A. Terminal portion of antenna. B. Dorsal aspect of left 
half of head. C. Distal pecten tooth. D. Comb scale (D,, centrally-located scale; Ds, scale at 
end of row). E. Lateral aspect of terminal segments. 
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2. AE. ATROPALPUS 
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Aedes atropalpus (Coquillett) 
(Fig. 2) 

Head: Hairs single, with lower hair situated latero-anterior to line through 
postclypeal and upper hairs. Antennal ratio 1:2 to 1:3. Antennal tuft un- 
branched; antennal hair 2 longer than hairs 3 and 4. Antenna lightly spiculate. 

Terminal segments: Comb scales ranging from six to nine (X = 7.3), usually 
seven or eight; each scale with terminal spine followed on each side by three or 
so shorter spines. Pentad hairs of equal length. Siphon ratio 3:1. Pecten teeth 
ranging from five to eight, usually seven (X = 6.9). Siphon hair always single, 
inserted within pecten, with at least two and less often three teeth distad of hair. 
Terminal pecten tooth usually in secondary sclerotized ring. 

Comments: The shape of the comb scale along with the area composing the 
primary sclerotized ring make this species easily separable from the others that 
might have pecten teeth ranging beyond the point of insertion of the siphon hair. 
Dodge (1945) bases his description of Ae. atropalpus on specimens obtained from 
the laboratory colony maintained at that time by H. E. Trembley. His des- 
cription agrees fairly well with the wild-caught specimens utilized in the present 
paper. 

Specimens examined: Eleven specimens, all from Gooseberry Falls State 
Park, Lake Co., Minn., July 29, 1959, R. D. Price and L. R. Abrahamsen. 


Aedes barri Rueger 
(Fig. 3) 

Head: Hairs single, with upper, lower, and postclypeal hairs on each side in 
straight line. Antennal ratio 1:2. Antennal tuft usually double; antennal hairs 
2, 3, and 4 long, of equal length. Antenna heavily spiculate. 

Terminal segments: Comb scales ranging from six to nine, often seven or 
eight (X =7.8);.each scale with distinct terminal spine followed by series of 
weaker, shorter spines; on all specimens studied, length of terminal spine related 
to position of scale in row, spines attaining their greatest prominence with scales 
at each end of row and their shortest length in more centrally-located scales; 
this results in concave appearance along apical border of scale row. Pentad hair 
3 slightly longer than other four hairs. Siphon ratio 5:1. Pecten teeth seven to 
10, usually seven or eight (X =7.7). Siphon hair always single, inserted on level 
with, or occasionally slightly within, distal pecten tooth. 

Comments: The peculiar variation of the length of the terminal spine of 
the comb scales plus the equal length of the three terminal antennal hairs will 
distinguish this species from either Ae. intrudens or stimulans. 

Specimens examined: A total of 18 specimens from four different habitats 
in Itasca State Park, Clearwater Co., Minn., April 20, May 10, May 11, and May 
15, 1959, R. D. Price. 


Aedes canadensis (Theobald) 
(Fig. 4) 

Head: Hairs single, with postclypeal hair inserted posterior to transverse 
line through two lower head hairs. Antennal ratio about 1:2. Antennal tuft 
with from two to four branches; antennal hairs 2, 3, and 4 long and of equal 
length. Antenna lightly spiculate. 

Terminal segments: Comb scales from five to seven in number (X = 6.2); 
each scale with fairly inconspicuous terminal spine, followed by series of slightly 
shorter spines. Pentad hair 3 considerably longer and stouter than others. 
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Siphon ratio 3:1 to 4:1. Pecten teeth usually five, with two rows having six 
(X = 5.2). Siphon hair single, inserted beyond distal pecten tooth. 

Comments: This species 1s the only one at hand, other than Ae. nigromaculis, 
that has the dorsal preapical bristle of the siphon inserted within the basal one- 
third to one-fourth of the primary sclerotized ring. This character, sup- 
plemented by comb-scale shape and other illustrated points, especially the 
position of the head-hair insertions, should separate Ae. canadensis from the 
other species, such as Ae. communis and punctor. The description of the head 
of Ae. canadensis by Dodge (1945) agrees in every detail except that the dark 
head emphasized by him is not so evident in the Minnesota specimens. How- 
ever, he gives the placement of the dorsal preapical bristle of the siphon as 
approximately halfway up the primary sclerotized ring. He also notes the 
absence of any terminal spine on the comb scale. Aside from these differences, 
agreement was excellent. 

Specimens examined: Six specimens, five of these from Itasca State Park, 
Clearwater Co., Minn., from two different habitats, May 9 and May 10, 1959, 
R. D. Price, and one from an egg laid by a female collected at Cedar Creek 
Natural History Area, Isanti Co., Minn., July 3, 1959, R. D. Price. 


Aedes cinereus (Meigen) 
(Fig. 5) 

Head: Hairs single, with postcly peal, upper, and preantennal hairs in straight 
line perpendicular to longitudinal axis of body, lower hair displaced anteriorly 
to this line. Antennal ratio 2:3. Antennal tuft double to triple; antennal hairs 
2, 3, and 4 all long and of equal length. Antenna lightly spiculate. 

Terminal segments: Comb scales usually five or six, less often seven 
(X = 5.9); individual scale markedly tapered from middle, with prominent 
terminal spine flanked by several very small proximal spines. All pentad hairs 
of about same length. Siphon ratio 4:1 to 5:1. Pecten teeth ranging from five 
to nine (X = 6.7). In most specimens studied siphon hair usually double on one 
side and single on other, rarely double on both sides, and questionably single on 
both in one instance; siphon hair always inserted beyond pecten. 

Comments: Only three of the known Minnesota Aedes — cinereus, vexans, 
and triseriatus — show a branching of the siphon hair. Of these, only Ae. 
cinereus and vexans are likely to be confused with one another. Dodge (1945) 
and Bohart (1954) both lacked any Ae. cinereus material from North America 
and relied solely on the description of Marshall (1938). Dodge used Marshall’s 
stated number of comb scales (six to 10) to tell this species from Ae. vexans, 
and this character apparently does not hold true for North American Ae. 
cinereus. Bohart, on the strength of illustrations of the distal pecten tooth of 
Ae. cinereus by Marshall, used this character to separate the two species. The 
primary spine of the distal pecten tooth of Ae. cinereus is followed by a row of 
gradually descending spines, the longest of which is approximately two-thirds as 
long as the primary spine. Examination of the specimens by this writer has con- 
firmed this point. Ae. vexans, on the other hand, has the primary tooth followed 
by a weak series of spines, the longest of which is only a third the length of the 
primary spine. This character is very hard to see without observing mounted 
specimens under high power on a compound microscope. Another character 
that may prove more convenient is the alignment of the head hairs. Whereas 
in Ae. cinereus the postclypeal hair is distinctly medio-posterior to the lower 
head hair, in Ae. vexans the postclypeal hair is invariably slightly medio-anterior 
to the lower head hair. 
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Specimens examined: Seventeen specimens — 14 hatched from eggs laid by 
females collected in Roseville, Ramsey Co., Minn., Aug. 23, 1958, R. D. Price, 
and three hatched from eggs laid by females collected at Cedar Creek Natural 
History Area, Isanti Co., Minn., June 27, 1957, R. D. Price. 


Aedes communis (DeGeer) 
(Fig. 6) 

Head: Hairs single, with upper, lower, and postclypeal hairs on each side 
being in straight line. Antennal ratio 1:2. Antennal tuft either double or 
triple; antennal hair 4 short, about two-thirds as long as hairs 2 and 3. Antenna 
lightly spiculate. 

Terminal segments: Comb scales from six to nine (X = 7.9); individual 
scale sole-shaped, with relatively inconspicuous terminal spine followed by des- 
cending row of progressively shorter spines. Pentad hair 3 stout, twice length 
of other pentad hairs. Siphon ratio 3:1 to 4:1. Pecten teeth with range of 
seven to nine (X = 7.8). Siphon hair single, inserted beyond pecten. 

Comments: Very poorly illustrated in Marshall (1938) but said by him to 
differ from Ae. punctor in the shape of the pecten teeth. This does not seem 
to be a satisfactory difference for the Minnesota specimens and Bohart (1954) 
also disagrees with Marshall on this point, his California specimens being quite 
similar to the Minnesota material. The only possible point of separation found 
thus far concerns the shape of the comb scales of these two species. 

Specimens examined: Eight specimens, all from Itasca State Park, Clear- 
water Co., Minn., May 10, 1959, R. D. Price. 


Aedes diantaeus (Howard, Dyar and Knab) 
(Fig. 7) 

Head: Hairs single; line through postely peal and upper hairs perpendicular 
to longitudinal axis of body, with lower hair lying distinctly anterior to this 
line. Antennal ratio 4:5. Antennal tuft either double or triple; antennal hairs 
2, 3, and 4 long, of equal length. Antenna rather heavily spiculate. 

Terminal segments: Comb scales six to eight in number (X = 7.2); individual 
scale highly distinctive, having very stout terminal spine and one shorter spine 
on each side arising on broader basal shoulder; occasionally small weak spine 
occurs lateral to two shorter ones. Pentad hairs of same size. Siphon ratio 
4:1 to 5:1. Pecten teeth five to seven in number (X = 6.0). Siphon hair 
always single, inserted beyond distal pecten tooth. 

Comments: The very slender, long antenna and distinctively shaped comb 
scale readily separate Ae. diantaeus from the other species. 

Specimens examined: Thirteen specimens, collected on three different dates 
from the same habitat, from Itasca State Park, Clearwater Co., Minn., June 7, 
1958, April 30, 1959, and May 10, 1959, R. D. Price. 


Aedes fitchii (Felt and Young) 
(Fig. 8) 

Head: Hairs single; upper, lower, and postclypeal head hairs on each side 
lying in straight line. Antennal ratio approximately 1:2. Antennal tuft triple; 
antennal hair 4 shortest of three, being about two-thirds length of hair 2, with 
hair 3 intermediate in length. Antenna spiculate. 

Terminal segments: Comb scales eight in number; individual scale identical 
in every noticeable way with that of Ae. excrucians. Pentad hair 3 much longer 
and stouter than others. Siphon ratio 6:1. Pecten teeth six or seven in number 
‘X = 6.3). Siphon hair very long, single, inserted beyond pecten. 
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5. AE. CINEREUS 


6. AE. COMMUNIS 














7. AE. DIANTAEUS 8. AE. FITCHII 


Figs. 5-8. Aedes spp., first-instar larvae. A. Terminal portion of antenna. B. Dorsal 
aspect of left half of head. C. Distal pecten tooth. D. Comb scale (D,, centrally-located 
scale; D., scale at end of row). E. Lateral aspect of terminal] segments. 
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Comments: Similar to Ae. exrucians in all details examined, with one excep- 
tion — Ae, fitchii has the three terminal antennal hairs of unequal length as stated 
above, whereas Ae. excrucians has these three hairs all long and of equal length. 
The material available for this species is that used by Bohart (1954); the speci- 
mens were found to agree with his descriptions and his illustration of the antennal 
character differentiating this species from Ae. excrucians was found to be correct. 

Specimens examined: Two specimens, collected from Celio Ranch, Eldorado 
Co., Calif., April 28, 1950, R. M. Bohart, and furnished to this writer through 
the courtesy of Dr. Bohart. 


Aedes intrudens Dyar 
(Fig. 9) 

Head: Hairs single, upper, lower, and postclypeal hairs essentially in straight 
line on each side. Antennal ratio 3:5. Antennal tuft double; antennal hair 4 
slightly shorter than hairs 2 and 3. Antenna spiculate. 

Terminal segments: Comb scales seven or eight (X = 7.3); each scale 
rounded apically with relatively short terminal spine and row of about eight 
weaker, shorter spines extending over half way down each side of scale. All 
pentad hairs of about same length. Siphon ratio 4:1. Pecten teeth seven or 
eight (X = 7.5). In the short series at hand, one pecten tooth always beyond 
insertion of single siphon hair and second tooth nearly on line with point of 
insertion of hair. 

Comments: This species is somewhat difficult to tell from Ae. stimulans 
(and also Ae. flavescens ?). The pecten teeth extend further out on the siphon 
of Ae. intrudens and also the comb scale is slightly different. It is uncertain 
whether the insertion of the siphon hair within the pecten might serve as a good 
diagnostic character. 

Specimens examined: Only three specimens, all collected at Itasca State 
Park, Clearwater Co., Minn., May 10, 1959, R. D. Price. 


Aedes dorsalis (Meigen) 
(Fig. 10) 

Head: Hairs single, with upper, lower, and postcly peal hairs on a side being 
in straight line. Antennal ratio 1:2. Antennal tuft of two or three branches; 
antennal hairs 2, 3, and 4 essentially of same length. Antenna very lightly 
spiculate. 

Terminal segments: Comb scales ranging from four to six (X = 5.3); each 
scale rounded apically, with weak terminal spine followed on each side by short 
series of progressively shorter spines. Pentad hair 3 only slightly longer and 
little stouter than other pentad hairs. Air tube short and stout, siphon ratio 
being only 2:1. Pecten teeth few in number, ranging from three to five 
(X = 4.0). Siphon hair single, inserted immediately beyond distal pecten tooth, 
or rarely on same level with tooth. 

Comments: The siphon of Ae. dorsalis is somewhat similar to that of Ae. 
nigromaculis, but these two species may be separated by noting the position of 
the dorsal preapical bristle. Dodge (1945) questions his identification of his Ae. 
dorsalis larvae, stating that they could possibly be Ae. melanimon Dyar. Since 
he fails to illustrate or describe the head, comparison is impossible. Nevertheless, 
his description and illustrations of the terminal segments of his Ae. dorsalis (?) 
disagree in many points with that of the Minnesota Ae. dorsalis. He pictures an 
air tube three times as long as wide, with much longer primary and secondary 
sclerotized rings. The dorsal preapical bristle is placed halfway down this longer 
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12. AE. PUNCTOR 8 13. AE. STICTICUS 


Figs. 9-13. Aedes spp., first-instar larvae. A. Terminal portion of antenna. B. Dorsal 
aspect of left half of head. C. Distal pecten tooth. D. Comb scale. E. Lateral aspect of 
terminal segments. 
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primary ring. In view of this, this writer would tend to agree with Dodge that 
he did not have Ae. dorsalis at hand. Bohart’s (1954) Ae. dorsalis agrees with 
that of the present work and further confirms the mistaken identity of Dodge’s 
species. Though Marshall (1938) describes this species, he does not illustrate it. 
Much reliance is placed on the length of the anal gills, but comparison is not 
possible with Minnesota material. 

Specimens examined: Thirteen specimens hatched from eggs laid by a single 
female collected at Itasca State Park, Clearwater Co., Minn., July 23, 1958, R. 
D. Price. 


Aedes nigromaculis (Ludlow) 
(Fig. 11) 

Head: Hairs single; upper, lower, and postclypeal hairs on each side in 
straight line. Antennal ratio 3:5. Antennal tuft with two to four branches; 
antennal hair 4 approximately two-thirds length of hairs 2 and 3. Antenna 
lightly spiculate. 

Terminal segments: Comb scales four or five in number (X = 4.3); each 
scale oval with long terminal spine followed down each side by row of short, 
slender spines. Pentad hairs equal in length. Siphon ratio 2:1. Pecten teeth 
six or seven (X = 6.3). Siphon hair single, inserted immediately beyond last 
pecten tooth. 

Comments: The siphon of Ae. nigromaculis is of much the same general 
shape as that of Ae. dorsalis. The position of the dorsal preapical bristle of the 
siphon, however, easily distinguishes the two species. In the former the bristle is 
placed near the base of the primary sclerotized ring; in the latter the bristle is 
inserted near the apex of rhis ring. 

Specimens examined: Two specimens from Fall River Mills, Shasta Co., 
Calif., July 18, 1950, R. M. Bohart, generously supplied for this study by Dr. 
Bohart. 


Aedes punctor (Kirby) 
(Fig. 12) 

Head: Hairs single; upper, lower, and postcly peal hairs on each side in 
straight line. Antennal ratio 3:5. Antennal tuft with two to four branches; 
antennal hair 4 approximately two-thirds aria of hairs 2 and 3. Antenna lightly 
spiculate. 

Terminal segments: Comb scales ranging from five to nine (X = 6.8); 
individual scale broadest at middle, roundly tapered to prominent terminal spine, 
with row of progressively shorter spines extending well over half way down 
scale. Pentad hair 3 considerably stouter and longer than other four hairs. 
Siphon ratio about 4:1. Pecten teeth five to nine (X = 6.7). Occasionally one 
pecten tooth on one side either beyond or even with point of insertion of single 
siphon hair; typically, however, hair inserted beyond pecten teeth. 

Comments: Very difficult to separate from Ae. communis, Ae. punctor is 
said by Marshall (1938) to have pecten teeth with a narrow base and spine not 
conspicuously longer than the nearest denticle while Ae. communis has pecten 
teeth with a very broad base and conspicuous spine. This point of differentiation 
does not seem to hold true for the Minnesota specimens, about the only point 
noted being the differences in shape of the comb scale. 

Specimens examined: Nineteen specimens collected from three different 
habitats at Itasca State Park, Clearwater Co., Minn., April 20, May 9, and May 
15, 1959, R. D. Price. 
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Aedes sticticus (Meigen) 
(Fig. 13) 

Head: Hairs single; upper, lower, and postclypeal hairs essentially in straight 
line on each side. Antennal ratio 1:2. Antennal tuft usually double, but oc- 
casionally single or triple; antennal hair 4 one-half to two-thirds as long as 
longer hairs 2 and 3. Antenna lightly spiculate. 

Terminal segments: Comb scales numbering five to seven (X = 6.1); in- 
dividual scale pointed at each end; several very small spines at base of terminal 
spine. Pentad hairs all of same type. Siphon ratio 3:1. Pecten teeth ranging 
from four to eight but usually five or six (X = 5.7). Siphon hair single, inserted 
close to but not within distal pecten tooth. 

Comments: This species can be distinguished from Ae. vexans and cinereus 
by the fact that these two species have at least one of the siphon hairs double 
and they have all three antennal hairs 2, 3, and 4 long and of equal length. 
Other than these two species, Ae. sticticus also resembles Ae. trivittatus but may 
be distinguished from the latter species by consideration of the position of the 
head hairs and the shape of the distal pecten tooth. The Minnesota material of 
this species agrees quite well with the California specimens of Bohart (1954). 

Specimens examined: Fifteen specimens, all collected in Itasca State Park, 
Clearwater Co., Minn., May 8, 1959, R. D. Price. 


Aedes stimulans (Walker) 
(Fig. 14) 
Head: Hairs single; upper, lower and postclypeal head hairs in straight line 
on each side. Antennal ratio 1:2. Antennal tuft triple; antennal hair 4 about 
two-thirds as long as hairs 2 and 3. Antenna spiculate. 


Terminal ,segments: Comb scales numbering eight or nine; each scale 
gradually, but somewhat irregularly, tapered apically to relatively short terminal 
spine and fringed with short spines over half its length. Pentad hair 3 only 
slightly longer than other hairs. Siphon ratio 5:1. Pecten teeth eight on both 
sides; single siphon hair inserted at mid-line of siphon and beyond distal pecten 
tooth. 

Comments: In view of the fact that only a single specimen of this species is 
at hand, it is somewhat difficult to determine which characters are best to use. 
The extent of the secondary sclerotized ring of the siphon and the shape of the 
comb scale seem sufficient to distinguish it from Ae. intrudens. However, as 
noted under the discussion of Ae. flavescens, separation of this species from Ae. 
stimulans is questionable at the moment. 

Specimens examined: Only a single specimen, collected at Itasca State Park, 
Clearwater Co., Minn., April ‘20, 1959, R. D. Price. 


Aedes trichurus (Dyar) 
(Fig. 15) 

Head: Hairs single, with upper, lower, and postclypeal hairs lying in 
straight line ona side. Antennal ratio about 1:2. Antennal tuft double; antennal 
hair 4 only slightly shorter than hairs 2 and 3. Antenna spiculate. 

Terminal segments: Comb scales numbering six to nine (X = 7.2); in- 
dividual scale with very stout terminal spine as long as scale itself; several much 
shorter spines lie at base of this terminal spine. Pentad hair 3 much stouter, about 
twice length of other pentad hairs. Siphon ratio 3:1 to 4:1. Typically with 
four or five pecten teeth lying beyond insertion of siphon hair; siphon with one 
or two of these teeth lying within secondary sclerotized ring; distal tooth near 
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or at border of primary sclerotized ring. Number of pecten teeth comparatively 
large, ranging from seven to 13 (X = 10.0). 

Comments: This is the largest first-instar larva examined in this study, and 
this large size, coupled with the very distinctive air tube, makes this species easily 
separable from the other species. 

Specimens examined: Fourteen specimens collected from four different 
habitats in Itasca State Park, Clearwater Co., Minn., May 9 and May 14, 1959, 
R. D. Price. 


Aedes trivittatus (Coquillett) 
(Fig. 16) 

Head: Hairs single, with insertion of upper hair lying almost directly 
posterior to that of lower hair and that of postclypeal hair lying directly medial 
to lower; lines through these insertions on each side virtually form right angle. 
Antennal ratio 1:2. Antennal tuft double; antennal hairs 3 and 4 slightly shorter 
than hair 2. Antenna spiculate. 

Terminal segments: Comb scales five to seven, usually six (X = 6.1); each 
scale tapered at both ends with terminal spine half as long as scale; several very 
weak lateral spines at base of larger spine. Pentad hairs not essentially differing 
from one another. Siphon ratio 3:1. Pecten teeth ranging from four to seven 
(X = 5.5). Siphon hair single, inserted beyond pecten. 

Comments: Dodge’s (1945) characterization agrees quite well with the 
species as described here. He does place the postclypeal head hair even more 
posteriorly than noted with the Minnesota specimens, but this would even 
further emphasize the difference in head hair alignment when compared with 
Ae. sticticus. Abdel-Malek (1949) does not show the primary and secondary 
sclerotized rings of the siphon and his comb-scale illustration differs considerably 
from that of the present work. The points differentiating this species from Ae. 
sticticus have already been discussed. 

Specimens examined: Eleven specimens, all hatched from eggs laid by 
females collected at Itasca State Park, July 29, 1958, R. D. Price. 


Aedes triseriatus (Say) 
(Fig. 17) 

Head: Postclypeal hair two- to four-branched; other hairs single; upper, 
lower, and postclypeal hairs on a side in straight line. Antennal ratio 2:5. 
Antennal tuft always single; antennal hairs 2, 3, and 4 relatively short, with 3 
and 4 being considerably shorter than 2. Antenna glabrous. 

Terminal segments: Comb scales ranging from four to seven (X = 5.6); 
each scale tapered basally and bluntly rounded apically, with only slightest 
indication of fringe of minute spines at tip. Pentad hairs of equal length; pentad 
hairs 1 and/or 5 double, either on one side or both sides. Siphon ratio slightly 
over 3:1. From three to five pecten teeth present (X = 3.7). Individual pecten 
tooth highly characteristic in shape. Siphon hair double on at least one side 
and occasionally triple, inserted beyond pecten. Lateral hair of anal segment 
typically with two to four branches. 

Comments: Dodge’s (1945) description agrees in essentially every point 
with that presented here. The branching of the above-cited hairs as well as 
shape of the comb scale and pecten tooth, plus other features, makes this species 
readily recognizable. 

Specimens examined: Fourteen specimens, all reared from eggs collected 
from a tree hole in Scott Co., Minn., Feb. 1, 1959, L. R. Abrahamsen. 
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5. AE. TRICHURUS 
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6. AE. TRIVITTATUS 18. AE. VEXANS 


Figs. 14-18. Aedes spp., first-instar larvae. A. Terminal portion of antenna. B. Dorsal 
aspect of left half of head. C. Distal pecten tooth. D. Comb scale. E. Lateral aspect of 
terminal segments. 
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Aedes vexans (Meigen) 
(Fig. 18) 

Head: Postclypeal and preantennal hairs often double, with lower and 
upper hairs single; upper, lower, and postcly peal hairs on a side forming more 
or less of straight line, with postclypeal sometimes situated slightly posterior to 
this line. Antennal ratio 1:2. Antennal tuft double or triple; antennal hairs 
2, 3, and 4 of virtually same length. Antenna spiculate. 

Terminal segments: Comb scales five or six in number (X = 5.6); in- 
dividual scale pointed at both ends with weak terminal spine and few very short 
lateral spines at its base. Pentad hairs similar to one another. Siphon ratio 4:1. 
Pecten teeth number four to six (X = 5.2). Distal pecten tooth with long 
primary spine followed by series of short spines, longest being only one-third 
length of primary spine. Siphon tuft usually double on both sides, less often 
only on one side and single on other; point of insertion beyond pecten. 

Comments: Good agreement exists between Ae. vexans as described here 
and as described previously by Dodge (1945) and Bohart (1954). The means 
for separating this species from Ae. cinereus through the use of head hair align- 
ment and shape of distal pecten tooth have been discussed previously. 

Specimens examined: Eleven specimens, all hatched from eggs laid by 
females collected in Ramsey Co., Minn., 1956, R. D. Price. 

Aedes flavescens (Miiller) 

No first-instar larvae of this species are available for study; thus, as both 
Bohart (1954) and Dodge (1945) were forced to do in their studies, reliance is 
placed on the only published description of this larva by Hearle (1929) in order 
to include this species in the present work. Unfortunately Hearle did not show 
the boundary line between the primary and secondary sclerotized siphon rings; 
however, if one can assume this line to lie across an area slightly constricted by 
him, then the siphon would be similar to that of Ae. stimulans (Fig. 14E) and it 
would key to Ae. stimulans in the key presented here. Comparison of Hearle’s 
illustrations of Ae. flavescens with those based on the single Ae. stimulans speci- 
men of the present work reveals similarity in virtually all morphological aspects. 
Hearle does state the number of comb scales as being six and less often seven, the 
number of pecten teeth to be five, sometimes six, and the antennal tuft to be 
double. The specimen of Ae. stimulans has eight or nine comb scales, eight 
pecten teeth, and a triple antennal tuft. In spite of these possible differences, it 
is felt that, without actual specimens of Aé. flavescens and a longer series of Ae. 
stimulans, separation of these two species on this basis would be dubious. 
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